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i 
S h ^ a (1958. 1984) alao ahovad that tha dagraa of aaaeaptlbillty of vbaat 
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to §tm nt»t i^ Btm^ eA ooii*id«SHi1t.r ihm filfmts mv^ to aiff«nMt 
Stttdim fej tBWftlgste ^ f Modbewtcai buffls of i«8t dewtdopmrnt 
in Ximitttdl piint mm m f«tr mt^^xti (Oeiaf md ^m^ 1990) t 
Andrew tnd Shim, im^ JOlm^ 1968| miiff»i» IdaSi ^rtH, 
wm, tm)t ljut a»it 9f »tttd|et mm fb«a9«tjl to laTiStlg»t« 
Dtttritloniiil iMX&^vmm^ of Hi® Hitse m^vt* dlfi trs- t» find 
out th« fot* tussQtj^tlfcllltf xwsiutwiee sf l^e 
pi f a t to ittBt, Shttwoai* (19S58) aadl SeSit C19SI) 0 slMJwed that 
«3et«i0t» fvon ipe«l8ti©t midt t im fe«ainfttioa of th^ im«t 
spoy**, Ismt Q5®3r did ttot «ta<ly faetot« »«»s>oaBlll« for tho ichliAl^oB. 
Xt i« thill amm tbut is a oamiRo t^e of 
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mtvtSL&ticm miBV diff«p«it of |»liolK>p<iflodlo te»Rtaa«5ts, 
11 voM mneii^mfid that th« ialbm»iioii ol7tiki»«S KotiXd fiirl^fir ilLtteld«t« 
tho Mo<h«»acaa. mUr* of y09i»t!i»«i of litAiGoa plaatf to lia»«ed *u»t 
msm^mmm^ 
iiatttdl mat imum aiam 1601 iii«it Pwmc^n « 
m9t rnimeUd tmm Um mi 
(1647) nmti i t m M^ fl-aBoajMPii l l a i . Bowtveir, i t i s mUf «in<Hi 
boelimiag of <i»iT«Bit (mt»tf t ^ t «ttintiofi tii» beto tatimi^ 
l i t TfttH t^rntm t^^eetft* Whll« piottM 9f ntftt r«<iistgnet la o'3>*r 
hm l>fNim »ta.dyi«)di tsam vaiiotts tb»9it of XimettA hiui x«e«iv«ia 
uttcBitloii ii«iii3l7 m thft teiLtfetlos of vast •ts'idnat 
of T*m%mt iraiiAtiott 1907} EfilcMont m n Bt13.«r» mSf 
X948| Osertii 3mmedp 1964). Vmry l l t t i t mtk htt b«ea 
oa i t* led bl0eSi«Miei(L «a|i««t«* 
^vixoQtteeit to* oa th* vasc^* taop* xwwaSk tiiat mat stgr 
riad Mmiat* 
t««iet{pe» notified ^ m'VimmmtA fuc^fw dlt^^r «ff!»0t on tht p»thog«(Ds 
or laaiiwotlr tim>tiih ho»t n e t i M i m . JOlan (I9S4) ot»«rv«a tii«t tHl^mt^ 
tho gMiotipo of a plmt d«t«»ia«« i t i fnitcntiiait^* ^^^ belnf 1ao»% to • 
vli«a»ttt p i f t i l t* , th« *o«tli#«tlon of tfet® potintliillty grofttSLy iBli«ti5ao»d 
m'vlwsmmt, Frasndt (1984) want to tlt« osetflnt t£i«t i t not ocay 
not fl3»id | » t ia vvf ir«rl«ia«> gsmmod Isgr t«Rt>«rtttax<«, liclit, 
httaiditjr, liost smtxitloa^ md Uodtisdoia statiif ttte*** tho toe^tioBi 
pT v^tSXiSkg mA *f%MT iefootioa «ffe«t 111* of tb« 
ho i t md heno* i t» enpadty r«««rliBg to tho p«r«iit«* 
Toaporataro y(tiiX% wztiiaf vith llnMod xuat, Umry 7«portad» otxljr •• 
la 19e6, that svat ia XfkAy to ba noat daatmetiva en tha lata ao%diig md 
thua mtOMg vtm a «>od pravmtiva* Hart (19^6) atoning tba faotora 
Bffttcfbl&f the d«ti«iLo{>stflsit of ohamivM Bflvsy® Ijnll^otloii tA 
Xt^ to 22®€ mi i l i ^ t iaf«0U«m t t to m& to BO®C. fh» 
of t«i|>«rstti»i on 4ev«iLo|»i«nt of :mst« sod laeutMitl^ period 
beie stuatad visAmxe (Qtsta«r mA Q§»m9r i»d 
IB^i 3dlm99n gud ll«vtan» i987f adnlcorhoff and 
fip«ia«y, ise?). PPWtat (31946)» ilill.® m m ^ s Wtth iiii»«id ftnmd 
th«t t4Niptr«ti»pii htatmrn to iffOtrt to too fiwOTiri»ia« fbr l»f««t4oa 
of th* lK>st and d«vi!l43^«at of l^e 
Id^ i t Z>l#tt iOYimisitBti^ factor inliuimetf 
Itttcailtjr 
«Bd photo- dairiS^opiisnt 0astei«st nt tb« tlao of Inoibftticm 
p«ilod 
«&d thSDUghaQt ttio eszay stains of infiMstion dlsdnliiio* th« piwidtme* 
slid liitinailtj of l3tie tgfsptox* l&dtto«d Ibgr SejgEWteLS txittoa tut do«s »ot 
ftffiiot the oouTM of di0»fti« in tho turn of P.trl t tetna (Egrt tfid 
Forbes, Hrfm md 1068)* 
Aeeordlng to BtOmm and l,«*itte <lSl§), rest ttesu^ly deiwlopa 
beet end laost tjpioiOly mder hii^ intensltiee. Idien %im 
msmt of X i ^ t le preetLy redueed re«etioas of eon* differentlil 
vftiietles not ti^leal* X9&4) dciionatrated l^et 
i n t m ^ t r of U i ^ t n i ^ t inflt^ioee veilmit proeeeiee in t^nt d«iriilopm«&t -
iregetative of tit* nyoeiiun, i^orKaetion of tlie met fmm^ 
eKLoroala of ko«t f ) « farther el^died tbe offeet of ptiotapeziode 
(4, 8 end X4 hours dejr Xengltit) on the d«v«OLe^«tt of met on three 
irerietlea of t^eet laidnf tuo met reeee end notieed ^ e t t3se rete of met 
demlopiMmt vee no% lAflttenoed different di^ r lengtlia. Qn ^ e aixth 
dajr after Inooudation met vera noted la alxmdifiee on pXante under 
X4 hoore and 8 heura day lengtha tet feuer vere noted on pXanta imder a 





ludoulatioa. Both raeat o& ir»3l«tl«t m&w 
t li^hour Asy on plmta mdwr « 4>»h(»ir da?:. voxts of RSlMas tfid 
H a r w (1^0) m Poif* imbrtmii dttKmptriittd that 2.l#t bf»S aiff«rint #ff«0ta 
oa 0rowt& rftt* tmdlor different autidticmia. eoaditioiiff. I t «x»ad aiso htt 
iiit«3:)ir«tiid to ^ a t Had a d^ q^ sfeasaiat effaot itotn imtxitioii vaa 
autM^itlm^* 4r«gti£i (X9e4) and and Mm«r Cl96«) o1»8«rved that 
e&h«ie«d apoti4«tl(m of Utamayla troiaif. t^Ha i t iiOi&Mtad 
sfjomaMott of IIIill^ffilAfi M M a S * InhlMtoty affaeta of li#»t, on 
d«v«OLo^ «iit of .agfiff^feifram M a m »» %aolaa, if«a 
attritsatad to t^ a^ daatimotl^ hy l i # t of fitaniia B6 (Sjumatti 
Krirtma Raddy Cl96f) ^ M i g ^Ath ll^tl^Rft 
ri^ovtad aaxliRum In tax&timm* dii%c»98», in iiltaeaftta l ight 
m& dai^aMif fbniatlQii of ooni^a was nodarata eod not at mi^ aa In 
Ofmtiimeaa dat^ aaaaa* In eoattoiiotta no <soBi<£La wara px^^ead* VtSlm 
wofking i^tfe Ixroio ftiat^ TaokataaiMalu (1970) «nh«ao^ isafaetion 
imdar long dt^ (S4»homr l i i^ t ) in aaaoaptilta w l a t i a a of vfeaat* 
Siitlar (liiB) ramirdad a loaa of ultottt W p«r e«a,t in of 
tha Mad in tha mat cffaeftod plieta of Xinaaod* flita mat not oiiljr 
radttoad tha |dCd ind dgsafad fllaw bat elao eaoaad aii^illeiiit f«H3itetioa 
in oil (sontanta, 
Baat ittfaotlott miatata in draaUe dimfaa i& 
a»d Modbaitiegl proeaaaaa of tha hoati aoeoaaaiva traniplration (Maina, 19S0| 
Macdndoa, X98S| Pitlp 198B| favldiia* 1940)» atirilciiig incapasM in raapiratoi^ 
aeti ' i l tr (Malohanko-DyakoBOTa* X988i Sm^rn^l tfid iShair, 19S6) a»d daoraavi^ 
photonf&thaaia (Xl lm, 19f4) doa to xuat hapar tha gsovlli i^d davc&opaant 








SiqparfAinta eon<}uel«4 at the I n ^ m Agviitiltargil Hatterch Xnatttnta 
ttadar art tf leld. iiidaua«tion« in th« tim.^ to fiad tha lo«» 1& Unaaaa 
dua to m»% Wbw tin* oxop lafaetad at dlffaxHSot atagaa of ravaidedi 
that ^ a !«»» "faxiad fnm. W to IQQ pa* eant ia « nodaratiSly attacaptiliia 
•aHatr SP XZ a&d 70 to 100 par €«nt ia a hig^sT ittse«ptima tip Si. 
k raalataait vafiaty Ilka ltp(im)0 did mt auffte* mf lofa ia yl«adl itJ«n 
infaotad, at mr staga of i ta (Bidiksrlat , 
^ f t t ^otoparlod «9»trela a reoga of trepitntlva md 
rapxoduotiva pmeestea has imOI lllaatratad V tha of dUUioy 
1960)1 m m w flQd fisnda ( imist ind SviTaativa (1980) on 
vhaat mi of BortiniddCf Haodxlfata tnd P«rk«r (XQS$)| ^snda mi Kissar {19S6)t 
Sitohi «}d UtmiaF acid mxM, 31960) m plcata, 
Bln^l y voilEinf y i ^ maisa mi XUisaad ahovad 
pi«no«B<sad affaot of dlfl%r«Bt pbot^^asioda on mi davi^ opiMintal 
eharaetara. Effaet of io«t oit ^ gi9Vlh and dev«ilflpumt of iKiat plant 
axpofad tmdar diffarcsit pliotoparldda not rcpoTted m far* I t 
l a oftae d l f f laUt to avalttata tb^ a is^ortisioe of faotors or 
to datexttina tiov thay InHuanea tha Hoat-paratlta ndat^ni^lp* Ffol«mr 
aoita of tbasa faotors altar t!ia host isHitaholltas l^at ayailfttil* to t ia 
pathofio. 
tha affaot of photopsriod m m«tal»^« ta fdaota 1« a t m la a 
daaexlpUva ataga. I t hatf hovatwr^ baeei daei«iir«aLj Atoui that dimfaa In 
day laogtlt isdng libiiit raiiaxicahia «liMsgaa In ^ a eemoaQtration of yrtxiam 
aietat>olledLiy iim»ort«st oonatitlanta. GhallaScbjrtfi (19S7) ^ u a d ^ a t a 
ahwga Iji tha rata af dav«ilo|w«kt of jdaata ia aaaocdatad with m aocuwlation 
of phrtohonaoDat vlth qoiCLltatl^ flhaagaa in gxovlng polBta> vlth photo» 





da^ r laagtli bttd i t s nasi dLeaivcut end •ff^et m t«f»lii«l oxid«fHi 
aetiiritar* Hngiiilittti (1966) Ibuad m gmtatA mtrAmtUm "bei^ m^m tbt infl««ne« 
of ligiit l»t««i ty m^ ^miiSon of lrp«iSlittioa 00 tlm 
hiTdma^idiic aeti^tjr nsd th» eocsmait^oii of |>b«a«eiio in th« 
gh«riEi»i Sxi^Bitsvtt (Ites), o1b»wnr«d m in 
iiiBl»o ecmt«ntt In vari«ti«tt tmd«r contimouft llltualii«ti^« V«m«ir 
and (1968) rc^ortad hli^^r ftotiivllsr of Iti® iasiBKjBHis of peioxld«9<i 
Q&d«r long di^ «8 Qoapariid to ifaort.d«y trsatmii^t In tito ets* of 
8»d BttMdftuB^ -vailetteai, T«iilEat«fWiixau (1070) olmervfd cIterosMd md 
ooBtoiits f»d toesraiuiod tmm iMm ««id rnatmts in of 
7ail«tli«a iKiddor long ds j «8 to nomnil M i»or*ia«3 
traiaiifiRin«»« noU'viV w»<S«p Iwg fll«o htm n^ortud ia l%ne&»& 
ayaiii j | 
I s lh« l i i ^ t of l^ena f«ota i t nisj m t )mi mrpwifsia$ I f fho 
bsliineft of tho Mf eiftM-Mlltir or ir««let«a«« of tko !x>tt g«t« dlatstflbed 
tinee tha dovilopBiiat of xuat daparnlei iijwai tha airgllalsililgr of tsatafejlltea 
and <naet mablttatlaBa of «as|%aa iM l^a )ioat» 
tea (fymff;f» 18t6| Hun^, Il«rt# 19Sl| Stiamaia 
and H«*t, Itse) attieHwtad mat yaadatwkca in |a.«fttf to fS&rAeA Isaryiara 
avicit a» thitHmeav of l^e nuttbei* of atowata ate* of Wax^  
* 
(1901, 190E), m f f w (1912), Cildviai md Stoaa (19B8) mA PA md 
RuaanneiB (194i) on iltaat haa th«t ttn» f>aalatm«Mi to lafaetion ia not 
to \m aeeotmtad fbr o1^ airva1:aLa atmeturA pacEaiafitiaa. ^ a y iMsliavad 
that ttta mat raalataaea ima to la ei|^ l8li»ad on a md phyalolofljleiii!, 
baala ra^a r tb«i on a aoxfthologlttal ooa* 
A» ragarda tba litaratara o» llnaaad, SharvAla (198t) esiild cot 
find my gxoaa a&otoia&o^  faataiw of tlia ftgx plant iltldi |ia eoniidarad 
11 
rust 
t'ttipoBfitiltt ibr Htpc xttst C19SB) «)etaln«A « l « r f t 
nttail>«r of l l ix end t^*^ tlildi tftovid tti«it vtt Indepindwit 
of flow*!' mlmr^ t|j»t of brntKliliiff tyj^n of eipaiil* gad 
of i«id* CX&Sl) «tu41«d ft xsi»b«ir of mseiptitl* (Df md looil 
tfpmt) mA ¥«ii«%flfst md Km^em ^r^ilfttiM of Uiat»««& ia 
fidtttloii to r«sl9ttti«» to araat end to mtttSLmi* cibaifMetAfSf mt t 
tlilcka««a of c»tic3,«> ind outov oeai viilLl of th* <|fid«f»i8» eh«r«ot«ira 
of tbtt mrUm <sq11», inmb«r of thdLr «td c^ d 
arrgttg«»iBt of l»tidl«s» l«ikf tmX^r and of th« itKmats 
end the stoaAtiil id tit mist t^d^etgaos. Hit^  liownwr, ooold not 
oatftlflLiib mjr d«flzkit« i^ftttoGsMp* SosiboirD ia M* h« aotleM 
that t i l l e r vftvietlea mm gmmr^ljr r#iil»ti»t to vust* fioy ftartheft 
obMnned iom« poiltiv* mrriSLm^^ m»t mtSit^tmm And l^tldoftcst 
of tho idM of potia fOd «!if}a;a«s» 
Fftiltogiii inirftdiag tlie lio«t dooa t^isg dr«8tio in tbo 
plsnt tt«tt«toU«Bi» l)otte fc^ fonaittg «o4«i^taffits tfid Usst «Lt«rlag th« 
oononntTetioB of Ttxiotts in of 
t ^ i ^ maf i tsd to vgrloos of »od«rAto •aso^tlMlity' ot r«ii.»ti»i»t 
In tbo i*«3.fttioiii!iip. ptisriiologietd aeflitltioi of iMth 
tho boit md thi pi^idLto of piliio in d«t«fnlaing th* 
d o p ^ of iwalstimet or ^lioi^tlMlitjr. lb* f i r s t r«i|)on9o of • potietiiiL 
hoot ia dot«iiain«d ItfgiSLr Igr tlui taitliil sot» ntd/or •««»r«tlon of the 
ptrcidt* dttfing pi«n«ti»fttio& und 4Sll«it HQSH) polntod out tii«t 
tho i^nptcnt of « p«r«iltie dlto««t le i t iAj th« romdt of m Intoiv 
^ M f o of «h«iie«aL» httvten hoot o^d pamalto, Sm^ovtki. tpd fbraarth (1960) 
•tndiod tbt t mbttMieao ouch puiinot und pyxinddittoi* yitminup ndao 
acddf* oirbohydrntof md tnits^t poiia»s» «t oonetatraUont not Jjajurioua 
to tho boat, inhiliitad loaf and at«a xtiat of vhaat* 
11 
Ch«Eig«t in 0ii9 t»f ooit £r»<|a«im3r ataidlfta l«it I«Ktt 
oorkN 
ti7drat«t phmmmoa of plfflsta infvote^ vltli iu«t i s iBl!ltiiii«9 of inf«etio» 
••UboliMi 
on l&t ofirbohydrti* mntmt avomd t ^ lufAii^  of Bol« of dlffftr«nt 
mgm9 in to dii««M m ilieat iriil«tlft« ht t I3««bi sIxima 
hf variottft mx^ort (7v«l«(iae jg^ Johntoci 
s i 10S9} 3ilT*»aan> X960| V a^gf X@iO| Ittmg j i jl** eodi 
1979) ana ^  a f«w CMi^ms* VSii% W, 19S&) 
on msp* tttdJ •« o»t» «tc. 
Wil.ii«B» {i960) Kosldof jBOtatelisai of gLuooso ^ ^ 
V MiilfWiOoy I^Bi tfitovesl «exl«[l aretHitia of 
M«liai gm^g 08 ll«ix in tiisao <Katiirt 03ci<ilse«l ^ttooso in 
l^snd U9S0), ^Slo midftt«iaUiar tSio eudtiaro of uroSoo* 
l»osHis of 6 oti « QSHit«lBiB|t 0«1®0 iOEta^ sott aaofoitti 
ioorgcMio diitlttod ixo&y i^iradl inftrnviid g»>i»th ts^ r 4 p«r mat 
isstoitd of 
HmtA Mf rogairda otiinfo tlwro spre oonfLieting 3r«ipartt alsout i t s 
coounaation or doorotM tstmnd i&f«etioa olteo of ttio mat . Hlflo {104S) 
and Inwia (1062) pointod out that d i f f e m s t t ia «tiu*eh l«v«il «t d i f f o m t 
t iaot Ibllouiai iaodulatioxt w«ro «s(|»oot«d to htt of 
djmMsio of til* rdlatic^ihip. I t i» poaaltao thgt 
d i f formt infootioik mixy lAlluanot ttarcli oo»t«nt# 
Mlro^bft and (I9ee) f4L% imdor osntitnxma m«ii34ttioB 
the Mgiailstdo of tha dooroaaa i s at«re!b amtmt in infootod I ta tvi vts 
croator ^ m tb«t in noivUifoetiod l«av»a. 
Sohippar «ad Mirodia (1969) pointad out that tho sMtalBoUia of 
atardli appa«r«d to play m aeUva xola in pottiofwiacLaf potil%!Ly tgr at^plsdng 
aotftboaitaa to mpport (mstfOi of the fUagaa Imiidiati l j aftor panotratLon 
11 
of th« bo«t «« wAlX •• dating tpom ii>mmtiaa, tlmef iShmgn th* iBfonmiticm 
r«ftri tag thu Btgtdi »«t|ib»iiaet of fa«t inf«fiii«d f^lint* 1« wmer 
in th* boat-pareiii* ndLttloniiSiipft* ttuero i« no l i t tmtarft 
ftirdLXata« on lini«td. M,1hm0i llWutdiro oa ilitt*t» Imxlty, 
o«tii> ftto.t in ffmweil, r«vt«3L0 a>eflleUiis ripoirte os th« of esito-
tiydrntM In tio»t-<p«rtii.t* « ttmovbut Jof la i t t 
ftlio ii)p«iar« to }m mmglMs out. iia^ i aooaoaafttlcm of e«rl»li7(Si»itwi mdi 
as s ^ e l a g aagartt AimM mad sturtit in tefeot«d lits h^m 
Ibjf vtfRloui ^KpotradloVy i9CLf 
Alcei» XdSei frnm ma J0ciii» 19a0| M«iig> X9€0, im. 
1.986, iMfi). tdtli iaotofifte di»osiittr«tiiig tlit tf»iei«loo8tioB 
!lii plgKits ISAVw i£t>«o ii3feet«d «roeff tho mttuboHe 
fiiiika f&T vfttious snlNitaaeof (^aw m^ iiiiilElj»e» 19i8| Si^dov mA 
m e s t m aad 1961.) • «tftt«d thst ipp^emt 
memm^ikUm of iraxioiie mlsi%ine«« iti Infoolloa otrntros i s the rtwdt 
of • ooii^ liK proeQirs i^i^ e% hat e»ia|Kmc»tttt* lUxllaQry seeos^af to 
him, the Moloeieiil •igalflemoo of tlila aooMliiticm isroooM* apttrt fmn 
th* olyvious i^vsBt«go to ^ fumm* tttSXi«i»9 tim itoewEMdIatea nottboiio 
produotVf i« not know* Ttm of eada « lo<a£t of 
aoidiiiuM" idgbt lM MmMtetf for th» ostillieimciat of f^ips* 
«r« • tnnibwr of x ^ r t s cm tho rc3.«tio& t»%i»9m dii««««i 
roilstino* ixme«itr«tioii of e^xboh r^t^ rntot pnx^oi&vilr mgvta i& 
host tlwKtof, !fogt of tfeo i^ovant iiifox»*Uoo lift* tnronght out ib 
» pi|>«p HorofiOX m^ Otsond (X9S7)* f h f di«ting^ili«a. hi^tmrn h l ^ 
8fi4i Xov fugir dlMtfios* it iug«r <!&»t«m on* in iMdi fdl«Kt» aro 
•iitOiptiia* ^m tbi ir tiotttM Qoat«lB«d high XovtOLo of lufarii, Thif 
i^inliot th»t ts«eo»o r«id«t«at %km tho fttg^r <!ontiat of tiswi** 
faXI iNaov a o«rtiin 3.«v«!L. 
n 
Cli«cig#i in on of giii«tii»il iuhtiitgno* stu4i«»» l l^r (ISfr) 
dOti^t l t i po«tia«t«d gm* Ibr gmm r«aiitioiiili||» hypoth^als. lb* tii«t t&r mttsrr 
gm9 ItiAt ooBivoXt i s wttt mw i s » 0»xTaipoitdtsig lhat 
(sdiitxQl* iftilsiigief In i»|»li«» m»e9p%i.WLttf to 
mtml iod of iii<!ii«ed 9iam th« 
l»«o<l«ieti<»ii &t mmyM pfotaia* ihvxv i« « Amgm^ of in th« 
intertdliimt tetimcn idna99»e« .of i&aiid^ia fa«t i&iHidAdLia 
liii8*iKi I t if tbl« hii^i d«frta of «|>9«if!l,e&iy tiileSi aultftii i t 
d i f l i « l l t to latM^rvt tiost in zti«tt in of 
•fiiijmallo iAt«78«tlon of oonspfttifallity. in i^it« of womat of 
voxlc ireviona tbiit h«t b«iii dcm« in tn. r«««nt i^tsre, 
i t ! • not y»t po«Bil&# to xvilate ho#t rtaetS^ to 
t ^ l H th« r<a.«tiofi botuMffi p«foa44aiM aetiiri^ tfnd iSistoato 
raidotmee ootad to 1880 iiltin ^ d a Itoni in<sracaHi4 oxidaaa 
aetlDitj i s tol5«o«e» Xaafaa affe«t«a lAth noasie idmat imry litiaia miM 
i n t ^ a dS,raetioa bein tea a» f«r on lioaaad* 
Oaka mi (1900) fporUd m t2i|>ie&l pai!t(»idd«a«««adiftta(l 
indolttoatie 9«id o^sEidaao* aaofttad lar lini. ffiyfiMLimk gmui on 
tlm ootsdadoaa fxm tlia aaadLi&Qp In wodifiad knop^a Indraair 
and $iiatf &%«arvM m iaeraaca in tlia iranlwr of lmmtijm»» of 
pamxidaaa in aax mi^mim* infaetad at l i M^ini. KflHOear (l@66) 
oliaanrad a iilii^t daiaina of lieid oirtdaaa aetivitgr In a«ix 
laavaa infaotad vith H.lin^. 
Tha atudiaa nndwrtflkaa tsgr tba vazioua voxkara in raipaot of 
aropa othar tbui linaaad* tioMvar, m inaraaaad paxoxidaaa aetivitjr 
in infaotad U m a ieiS| Qkuda i m t Vofar, 195fif 
fnirtcaa Statnamt Sta^^T li^ Banaon A967)* 
18 
tht IttiisniiMNi la tl3i« tetivltsr of p#n>!Kid«i« «o«|wi l i t c ^ e ^ d , 
to to HlM ihrnatim ot or ph3riile«I Mrritftrt to iikf«otioB 
t t a x^titlt of tlt« {)«»ia6ti«m of ph«eicil»y ^inoii«»t iieiKiaitoz^*^!^!^ 
eoomnvlnM mA thtiz* t»n4«it*Uon prndmetf Kue (X964) f, RmtiiLik mA 
ffKym (1970) sbovt^ tii»% loeiOLlffiitiem m^ Hiaetaations of p^xosidaM 
r^otod to of r««l«t»te« of mutat faeote (Beta valittii^u) to 
CftfOBipoy* le«f ipot* UMi smipo&A* to imfoetloa im^ «^riiot»¥iiwai 
m inBwdlato i&Qirtci« la tli« mount of i»d lhi» vnt 
«oni£ftt«nt)L7 in r«il«t<0it tluin In en^e^tliao ifa7l«ti*t. 
The r«li9ta0<» to h* ftsaodLAtiKi higbi «etlolt|' 
of |>»n»xidftt« m^ym in man o«s«t. A iK^Htl^ pe uBid tttxiklnig ooxnilfttioit 
h«« Imm iHitwin pviemi^mn Ao^flty i» i l f f*rmt orggni of 
fot»to fiad to mTrixmWmsien CKodnriH^T" 
Sftlrei !»<! ToslTinft* !>i!£Oii«i» 1967) t (1967) 
%iozkt»g vitli <pS|ttfttlo obosgot ai«!»«lfit«d ifidtto«d isadl maituirikl roidfttanet 
of awM^otato to fffflMOTUi lae»o«a#d pwroidactt 
roBIMSiiiiM.0 •iwwi,iit«ie#. 
Pal:^«aolt> (tjmiliiiiti*) netlidLtir in rilatlion to lljai««l 
OXldAWI 
rutft'rof&stgaoo lifti'»ot h&m ttaaiod m fsr, mm mrk tint l>0«n dm» 
ia tbia- ^ i^otloa In r«i^«et of olior oxc^t. 
I 
Dltnond. 
19jB7)^  la CE«o of ft^iiM^wtttto^ bettor fymA inertatod 
l»oX^tiioloxid«»t aetilfitjf' retponttiW.^f t t» sud misasm reodtttme* 
t« fitgitBtmif flivrtain* 
>loi4ci]ig ultb tomito plaat* iaftotad vith yfaaiiriiM lyeop«i*«cA,t 
S •avail (19S6) ri|>ort«d m iceroaM ia tli« pollfphmiolmfidmiM eontiot in th« 
in 
dlMit«d Imwwt t l W n. of i»f«tttloB mA fbm^ i t amilltd mfUv 
£S dagr* of inf^otioti «s tov^ nrmA to m&tvol l*inr«s, Egnt^ iLii lOdi Pi9»e 
(1970) iitoved thai t ^ loe^is«tlo» iM tlii«tii«tlon of dipttmoatoaddaM 
mT% ini(L«t«a to of -r««&ftt«8io» of iiHg«rl>»«tii (gat« jeflLlfiilS)* 
CHhaagot In 'Sh* of piii«iioXio (Kna^ poimdi in * idd« ir«il»tf of 
phfloolio 
<mim% pliytlologieitl 1»9(9oaiiiig inortti toglj miAmU iPfidhuft (1965) 
•tfiti^ ttt«t phmotiift isonpoimdo •wmaA o»Iy to neslaolqrdrAtwt its 
iitediiaoa ift Hioy « of 
raiBfliig ttom d«?iirtttiir«i of idUqpXo m ^ <|aSj»oit to e^ i iac 
phenolio ttfttosiidiif att# AI ligatu* 
Prom tlw poiat of fiow of ptm% p«UieaLo«y tlio 
of phflmctio «oi|}ou»d« pr«i«i!ii m tiiii<p« pvoia«a« iliicii mmm to oea;^/ 
n poaition. i t luirdBly mf pl«i% ditoiiift 
bo «f»oel«toil tdUb diangos in mfttbsXiaR of rsomMq ooa|K»imd»« 7lt« 
n«tar» of thio ciloae Mfliieifitiim ibeimmi fUrnt dli«AWf afsd 
8St>ooUo sotA^iiin i« l i t t l o taadnrotood* C^fniii ixit«r«tt ia tliii 
•ttbjeei ia groidng* Sua^vout inporto li«v« T»m pami^odl m 
and ttcmiioSLtMaia of phensdie «oii|>o«Bid« in plent tlwmo in 
roiponto to ini^elion. Hisk^  of tboM o99|poandi mm toxie to etrtidxi Itogl 
und b«et«rit, A ease bito !>«•» acd* tli«t « portleiair cts^ound or w 
eonfora ro^ttmoo to i^iiii p«tlioi«at in inet«ne««» lut the idoe i s 
not M.X7 iiofMptod, 
Th«if« tro « nuffibir of iwriotis comixini infbnifttion 
portlaiBt to tho roSl* of pbmolio oovpoonda la hoit ro^M i^ao t» inftetioa 
(razieoa ot A . , XMt, XMSf Cnddcihtfk, X96S, X9S4) taniyiiMi, X9tBf 
Ktt«; X9i4f Bmbxingar j | iL.» XM? wd Komitf X0«9)« 
«nd Kir^y (X9es) «nd nmrmm (X968) pointud oat that 
f«v e«M« of roMnrc^ roeogniaing tbo poaitiim s ta t ion batviwa X«in£l* of 
11 
ph«ne3. QontiUt Sa HHm ]»I«t ti««uet p«t9r to tafeeticm m^ 
of v«iii.«l«a<»i <Mii b* lo)3lR»it 1:^ 11 in Ixidag pxomi^* 8oiirr«r» 
th« fact tbfti toAdfl pxSneiiilttt lo grtstfir tfaefimtt fnm i*«flttaiit 
vgti^VLM ofUn ibtosd ta b* aaggvut* tiliot lUftHcr ytttirfdi 
be &«e««»iir9r to «ttia« p«ota«si isooiwxaiiaf ^ e riSlstloii bftwMH 
of pliieol. ^ i i B i iaA (l«gra« of v»iliit«iaee« 
So f i r ItniMiMl i f <saiicm««di» m wofk bMa t^mo in Xfi4ift 
end i^ Ltaoit Iltta.* «»ick been Ttiiei^tvd team «bfoci« A* otxay 1* t» 1989 
sstiio mliofttod •terllo wctrw^i fxm Btmt^ vixioliot of 
l ias ioai iiioiMd iXittwm% dvgrfios of toxioltsr towssda tbo fitivlh of 
IfaOMtttm llml. m^ Solo (19Q.) obtolB^i pliN»t oattrAoto 
tmm ims^ ot&oo of Xinoeedi dlff«ii«g in tl^eir x^aotioa to xa«t notodl 
tbftt l^oj («3etr«otf) iG^^ortod tlio vofotjitlvo po^H of uvuaoij^x^o of 
nmlmomvm i i a i io Aooofdanoe idtfe t^o rosiotieoo or aoooi^tibiUtx of 
tiio txm iMcb liiojr mr* osctmotoa* S^toPVillXft SoXt^  
hovoimrt did not otiiar ^ poftiiao osnititumt iroopffitsimo fbr thi t , 
lilXoa (1968) iomo of pli«iioXio ooidii to t ^ 
dtTiXopao&t of xttot Isfostloa to IX«x ootjAtdoa*. ^ini infooU^m 
of mtetptllilo &m ootiftodons iadaood m «oc»iKa«tlo& of f ^ pli«iioXio 
«eid« darlag Htk* lirot 48 hoar* tbo p m ^ i ^ boeiSM ootomithod. 
Aftor 7S boors, tli« froo phfnoXlo «eid osntiot doorooood itiafplsr «ad 
iiftor 06 boorsi ro^}ir«tioa lasroootd and r«iiia»d bigtu 1» roidotoiit 
oot3fX«d9Bt tbo t v 9 ph«ioXio ftoid dooroneod diir^g i n i t i o 
to 96 hoart ind tho r«J«otion of timsA iAfoetion i^otrod to indae* 
••xly unoveiRoo* 
In tmwA, « maibor of iiorfc«r« b«r« Aom b i ^ t r pbm^ 
oontoBto in r«it t t«it vaxiaUof a ooi^ parod to vioiotiot 
11 
(li*wtos» j l X^Wi tiok sji Kmm*mwmt 3,0IO| SNtvi, 3,966). 
«xi«eiifdL<fi£L3r ftudicd ets« i» Ifcint of eidon tmdg** 
Xdltov flAVoit* pipieiits mem doxl'Mti-yvf of <|tt«f<«iitlii teem ^imd ia 
r9d m^i jpedlon vtil«t$.«i«« jprnbaH.?^  \Atti 
tit* <»loial«Mi mfmv phteol* «r4» 8il«Kf« ibsBitS la tikt 
Atj mit«r ffe«tl««« ftm ii>i«it iiiit oirtodNl 
laoXfitaid (Mnk jltl.,9 10SB)* sm toade lo tpietmn <»f ' 
' fm ip t l>«i8f «itt«r mi pv^nmt 
Vhvy M.itBLm into th« l<Eif««rtlott m th» «f l»at mA 
pvmrmt gad 
.Mother e»i« of roiitiitfeit pot«to 'v«xi«ii<Mi '«9i»dliit«4 idth 
f^lafnolio rnhBtmem hm t»fm mpttrUA ^ miAmm <lolm«eiift «94 
S t ^ , Hi^ ti«ir9 t ^ t in 
t&it* pot«to v^ot lwc ^wrm mjAmt m n^axwt h»tmm fltriioXof^eiil 
fftotore rfil,ftt«d lo piti»«iLt ^fftezwieo of 
PfttIS, (X^) s r ^ n e d iaof« rapid iinttioiltt of (e^o»9fK9io 
tlawio of potato lofoe t^ with K H i t e ^ ^ i a tofffi^lili 
Xhfttvi (19@i), stttdjtag wit«t9o2.i« f k m f u Immi^t olsgAit ligr 
vlmt i&f»eUo» in l i^ f'siittios of 
|«o#oii» ri|»ort«d hi|lt«ir toti^ phmoaiie mi imt in tho of 7fii«t«it 
i4vi«t7 ^iB iA Hio eoinroijpondiag Itcvwi of irtHotir* lOio 
l^ roMBOo of pli«iiolii i s iir»«t»r i|a«ititl«o in tbo infooUd X«Kf«ii im 
otowMd by Kh«txl ^ o oUataoUon of boft dof«noo roaetioao* 
Gbingot Tho id«i tliot protoliio wm iciolvod in i^iiotgaeo to xittt fUagi 
piotiin 
pn)}»o«od Ijgr 0«iiB«ir ooxl^ r «• io mi ogoitt ia ••aoeifttioa uith 
frtfOf in 199B, tNi«i« of thit hypotlio^o i« tiiat oro m»ei|}ti^« 
IB 
tdi«n tb«3r Q9atidL» i^«dlfle Isgr tli« la »f 
fi&aioi of Hor iX^m) iQ4 Bov»ll resffiriSlaf tli* gm* 
r«tl«tli»eitM|» iA tmi* ovraA xast«« {»it*i»pti^8iit« Stiobi^ 
Shi7|> (X86S) «!«» oi>&ii0a tls»t oir »itl0tai}«» ta ra t i 
«it« OA ««rtiii& pioiNlBS. In mmint^tm 
vitli tiilt i t Imtm th«i ess^otitioit isi^it lit ^ 
til* m^rmamt in t i i l^ pi gat wis grow (i«iiltt s | Xftl.)* 
I^txp fbiit coxTtfl^adlngliry Ilit leust iaf*<B^eii 
bft a»»tn>U«il l3f ^ pr*»i]io«iHOl«%l!m hM^ m-^mnemt, 
Xii1t« stsrofe mA mtitsfp i^vm mm mnllietiaf rfpoHt »ym% tli« 
or <A««amtm of pvotwia ia iiif«otii^ pliiitt 
tad tQm$ Skaw aad IS^ i Sbtw ^ 
Inphttlciaf tt» mlm of p s o t ^ s in fu t t f i i l t^mm of 
Taflttlott il^BZ) Sat«tp»«ttd tfeo inwotioa SSA mnim% 
of nucaoi ta iaf»ot«S m* » tUm*^ ^ tndueod e|nfh««lc of 
pfQtflint ia « mut^tSMm Iid9t lid^ mum iilllit«H| oi* iwiro i!HHB «^tita« 
idtfet tuo fa ft th* immm»rf 
li«ir« fidllod oom; or a«iA.|r tpilliMdtod adii^t huto mRtwtM 
"bmm^* ^nqt ^^ miapBtiMm idth pft<6ioge&. 
Stfoli^ iad (I9e$) Qdnaiiotod iiit«r»»Uaf stttaiM Ndtli tva 
vhoat 'TtTioUooii ifcidi tforo lasoflptililo to xuft wbea peie nt c 
pvofUo of l ^ C ind M^ C! daf mA roilottnt ^hm gmm at t^S ni0it 
•ad iS^e day, fcnwd «t l o t t i tuo pn>ttla ia both th« T«rlotio« 
grow »t tho hii ior tM^porataro pxofllo* tii«t m f aot dotoottliLo ia th« 
pl«atf from «t Hi* lovtr pmlil*. XatorostSagly, othor vaidotiot that 
raaaiaad •ithor or r«aivti»t at hoth pxoniaa did not oxhiMt 
rt 
ttcy (liff«n»<Hi»« iti pfotdzn «>at«nt# they eondLudtd 
tb«t « 7«il«ttoiiAlp i*tf pmtfilns th* «v«tttiiiil i&ftotloa 
dvnU&pmttX af atvip xntt m^ cxift . 
tn etii* <if ioseepum* hmm Sti|>Xtt# ta^ SiOikmm 
(1964) TtponM iBiai ciiiBfftt In Hm duranfttdgr^bie ptit«iutt of l««f 
I»3mt«lii8 after hr oii«8«>lt. 0f tite 
•xtPAoit OS th«t mtf pi«t«eU i«Ri flusRte^  
md CHQ* holt p?otaiii imi d«er«<it««d fast iafeotioiu 
Bftvr«t mi Md^a^ ia (U$4) Sn^iph md S t ^ m a (1964) 
Kiftd* pin>t«l» stu^M on l»met«riflSl iitd ItogiS. iiif«et<Kl pl«Bts md 
oertflln pvot^dn ©teraeieidsties 0f thm plmta idth rmiAtttm&f md 
•tttff^^Mlitjr. 
Obnriaittilyt r«(lfttiQaiiii|> l)«%iiMi«i |>»9t«ln« md M&mm 
deir«llo{>xi«st liot vogk le atiU nteded to 
VLBdefttidRa tbl« A tmiew «>f lit«r«ttt{r* cm Hhm 
tibftt no yotk hiis doii« in Urn mm of iioflwt^. 
Ckmg$B attadltt* o4 thrngM in mSMO adldi pool m» t roaoli of 
in fm* 
mim ttdLd I n f ^ e ^ n iam iMna omdaetoi mmf r9mt(f<jD, v&tk€vs. Host of ^oa 
eomttaai 
(Slonor md i9S4t RtftJeKi jg .^p IBSSi mf«, 1854f 10$6| 
tftlJOTi^t Sktkv iRd Colot€ao» if6l) htve ob«#nr@d 
aeoMLstitn of mim oelda ki plmto of irafioug emp»t 
0om« (Bao I960) \mm n ^oerocMo. 
Tho mSm lajr md largo ofo sot tlb i^aiaiavos mffLolfntiLif Itugltoacio 
to teeoimt for yoatotsneo, Gottoa-^raodt aiitt toA (1965) htvo 
roportod tlio iahltAtory offoot of iMGLtttolnOf noziiatltttt 
ydllao, QOfTiiliiio flpd throcmlao oo grovHi md oospoxv ibnt»tloa of Mm* 
18 
tt MMWti that giliio teldt iet IndlraetLsr tgr idlKftXiaf Vim 
»*ttt30ll«i «f tb* plantf to aitic* ^ m r«til9tiat« ths 
of oHao ttiidi poflkl in r«tl»tii%<» mA MiseMptlU3.it3r i s m% fSLmtiAj IwoiA 
•nd m ha» doee ta tMi r«ip«crt in tb« «ai* «f llaMMnA. tli^ 
it«dtl«t m frmt «dao adds ted fiitir vailcnis «oaMii«ti0a« 
in to r«iilctieee md »agr In tts4i«r«t«ndiBg 
in tb* igretM of <fiiHiiiHiMi in ruflta, 
1li« •taiEtisi Mi tlt» lio«tpf»ftV«iAt« nmr* ndLsajr 
at m4«r»t8P»dlliiK me^mim 9f mA ie^e^^Mli t^* 
tii« ijririMifit of dlfviis* i« ti»d«rst(Mi« i t m j not 1»i possii t t 
to 8Miiipia«t» iroiAtttiiit ftotora, iMl* pfoisii^f ira«l«tl«s. 
I t ia miaitod 1^1% cwlidJAg of :riii0tf«it iri!iri«tle« iff wty dif£i<!Ult 
iiioot bxlnglnc in ir«aitti^<Mi Amg iidtb good ipilLitloa luts 
m ierdmuA t t i s ^ m m t <9.««r «» to vltit «re tho faetors 
tiiii«b esntxllKit* to M.mmm »i«t.«tine» In « <^ iuri«%7« ft^omUsr* i t hm 
th t t tb* of rosisttfsf^ in jji^sntd to di8t««o i s of « 
]>h|r«tea.ogio(3. mdi Idoe^iMlodl nttniNt. ?«rr i i t U o -mik hta iMrto dc«e in 
t)ii» o9iiiitf7 «i mix •• d^xoid to tniderttftrul nti^vm of disotM 
in tlio oaf* of linoof^, thoirtlbpor INI«b!« tbst 
«adi « ftad^ idKQ d^ Ibo imdortileoo* tboso ttudiot unsold fturthtr iiiiicid«t« 
th« oamnt tliinldnfl of n«tiir« of diioato rttiotieieo in liJtmod «nd 
othtr emp i^i i i t i in gworid,* 1!li« proMOt mrk do^ft ullli tlio lintood 
i!>uflt ronittmoo wuioiptiMlil^ in tonui of tlit int«nilt7 of dioonMM 
•nd vlth i t s inp««3it on th* gvotftii d«vtOLopn«titL «2ifti*(iot«rs uador th« 
inflttOBMi of d i f f t r w t pliotopoyiodio l ^ t t a to t* . I t na^ to ittttB|)ts to 
eorrilat* tho ^•ngot in m t t ronlfftanoo or mootptibilitjr tho 
(^angot in tlie host mstabaiiasi in ralstion to notsbsXitss mtii cs 
esrtelgndirstss^ phinol«» p«ra»idsss» pOlTpbtnoiloxidsM* protsins «nd 
froo gaitto «d.ds« 
mmjk m s b b 
n^wm 
SoiAuf of 
Ibr Hhik si^^y at tus 
«fnd rmlfttgii v«Ti«tl9t of Xiamen (f«m« I)* Hi* Bm&u 
lt«s«iircli Xnvtiiut*, mv ls«flhl« 
pot didttuirtt ia|>fixi»eik%K tMMNi SJIW tm es^ag&irittit 
«afii*o»neat «ii^«fl»iBit mA 
tm, mfimmmt 
Vndev ^ t um^rmk <»i<«i»»itt«aitt tho asiittztwBiitii mm a)|}<ltiet«S 
i» X20 •«pia>e» pot» of 12" dleoaotor eedj, theto pota mm fUXod with 
w«13^ai«ved soil Bdx«d lAtfa l/8th pari dbf tolmo) of conpoet nuaarft iO<l 
vftro iiit«r«d to obtito p«ek«d iell f^r iouliif. Of tsbom ISO pottf 60 
%r«(r9 kept fox* hoi&thr pimts rtmidiediii wirt ik«pt 
fa r plidtt to bo iiioe»l«to<l vll^ xust. tboso ^ poto of OAch gm^ 
tforo lUrti&wr diividt^ Into throo loto of pot« Oftdai to b« csspotod 
to tkrw pliotoporlodio treatKinto, in oaok pliot^erio<lie troftt»(»tt 
ther* ^ pot« * 10 poto tar varisti'* Out of tho 3.0 pot* Ibr 
oseli irerlotyj bt Inoenlfttofli mm k«pt in « «<ipa?ett pot isiltttyo 
triit to amid iilfoetlon to otb«r plgatii (Si^oxiiitntia lufoui ba» htm 
dlecEWffivUeslly raproMotoii in ltg«l). 
Boaltlijr Mvds mm bnfbro aotdug. In oiidt pot tm 
foodo mm aoui ot m mAtam di9%mm mm mtw^ ettmtadilf bgr 
th t ooil foUoMd l i i ^ t v»t«7ltig» 111 tho Modo frnmiiiottd la oiiffe 
pot esa& KflodOLlnf« tppoarod after 9»XZ dugpt of aotdnf. ykm planta 
f i g . l «f rnpmiMmm l i y oat 
imd«r»»tii7ia MidLniimiiit* 
F I G . I . 
'LAN OF EXPERIMENT UNDER NATURAL ENVIRONMENT 
TOTAL NUMBER 
OF POTS RUST INOCULATED 
UNDER SHORT DAY 
UNDER LONG DAY 
20^  
CONTROLS 
hGURE IN CIRCLES SHOWS THE NUMBER q f POTS 
(S ) SUSCEPTIBLE VARIETY 
( r ) RESISTANT VARIETY 
UNDER SHORT DAY 
UNDER NORMAL DAY 
UNDER LONG DAY 
Tc 
X 
UNDER r^RMAL DAY 
- NP 21 (S) ^ 
- M O H A B A LOCAL (S ) ^ 
—NP (RR) 9 C ' ^ 
_ N P (RR) 4 5 ( D ® 
~ N P 21 
— MOHABA LOCAL ( S ) ® 
- N P (RR) 9 ( ' ® 
_ N P ( R R ) 45 ( r ) ( g 
"NP 21 (S ) 
-MOHABA LOCAL (S ) 
- N P (RR ) 9 ( 0 ® 
- N P ( R R ) 4 5 C ) 
-N P 21 (S) © 
-MOHABA LOCAL ( S ) ^ 
- N P ( R R ) 9 ( r ) ® 
. N P (RR) 4 5 ( r) © 
- N P 2 I ( S ) ® 
-MOHABA LOCAL (S ) 
- N P ( R R ) 9 ( I ) ® 
_NP(RR) 45 ( r ) ® 
" N P 21 ( S ) 
-MOHABA LOCAL ( s ) 
- N P ( R R ) 9 ( r ) 
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vmf dkmili tm to Ixk^a in thinni&g km ^ a * to fAd4it>tt9 
b«ttiv m^ *wm powlds o t a j tLv men Imft «t 
in ••<!h pot. Kudebia^y m^ mt«rittg voara 
vti«afiwir Hantft iwx* idl^ tud fri^s of it^ Mytiiim 
ttaphaitf iKi|i«](|»}8»i|)h«t* and nailftt* of «fte!i per pot ^ft^r 
two of ^ifinlag. 
Plsftiii to ir#«tfl«atB «ft«r dtf® 
»ouLiig. fliert pbatop.Aziodie ^ gbort ( » 
mmiH C®) iiri^  ^ 
Ibr ihort jSigr fawmtamt pai«ai« o^'weNKl Igr i^esttHy 
«onKt«tteted trmm ( a l > f « 8* x S* % P) memtt^ i d l i s l i o r w r s ^ f 
littcSc Flaatt vstis Icupt 8*00 p.a* 
gta4 'fm^ 1s9 p.ai. tliftt pltPls 
mttf t9 t&x iiourii 
Hn^m B9f»iSl ^ trmXmmt thn plmU \mm im aalosiiii 
day ieing^ In 040,^ 1 esa^Ums 
la W to 12 1»»W0 4Sitfi»g Soviets' to Mareb f>«rio4 (Halil Mftson)« 
Gndttif loxig ift;3r tiNUktsmtt tb« to issmtinti^ us 
i i l ^ t oonsiatlBg of mgim-A dgr l«tgtb ^ t l t 100 v«tt 
lii«iiad«0crant UliiifetQiOi lii|>» d»ixiliig n&#it» leotpi m v ttwrngtA 
In flQch « wiy ttist pamtt gat ualfoni lUualxiation. U|Ht iRtwitty 
a t levia tfif tttottt 8S fbot 
th« ]»ot« undcip m«t lnooflLfttioB tf«at»«at (Siiria«d into 
tt» erovpa (•bold diagrMiaaticilly in ffLg«X)t oo« tor plMita to 
Invtfaatad lAth mat Kid th« e1ii«r fbr pXmti to b« tr*at«A «§ 
n 
ffttiiogwi 
fCd l t« 
fov inoo^nUttS plmtB idth mot, pur^ endtaim ot linsted 
ra«t, ffja-gapaogit XlQl (Wavmh) rae« X4« M^b fH>e the 
mviwim of m^ Etiiakt FatholoSTt «nd 
Slidftf WIS snatlpli0<l in th* vi^ 
SiBill memnt of p&v iaododvsffi 9l>tiiii«ai mn on m liet&t 
of h l j ^ j iasoapfitila lioiided plieiia of ^ ^ TtHfttr in l^n 
glftiNi tto or iff)«ieii belbm iaoGHlatLiig o^eyiiu^tsa. 
nftt«rii3L« iSitf Siio9tX«tfdi plaatf ptti^lei eftftir 1&»10 
After upomlatlQa, mated ttm hifllp 
of » isad th« «»or8» w^re caSX e^UA tm » fwai^ltftjis pipttr. tlm« 
«iifflc^«it miimt of inocs l^im vsi eoXleot«i. fbi« m* prteenrM 
Iho plgtits wsv9t iS ^ 
0f ijLl plmtw to bo ino«iilat«d tho %u8t mwe 
1>s<ou|tit frm. Mfi^imt pheit«|)«griodfl «t on* in mmiMg 
Bozsael, i&siy c^^tiont* Thf^ ^ r o w&l poiolit&M tpieas^g mtmf of t r 
thisft md Mort idiUi a •tnietttars of 
fbo ii^or ad^o of tSut ^Itttbmo suaistflnod «ilh wntor. 
Iiioesd.a1;l>OB «•* l«t« tho aflosiutoii* 
th« InooULtus MM o»13.«q%«4 Akrb i n f o o ^ filtnttf #ii mimtioaed 
itWv* Had »l3»id in tiui ratio of ItS© vlth poi^or o» wsli^t 
/ 
bacillii to ii^o ft btO.!^  fbr «•«& ^ttiilitli^Oii on pXa»tf. 
b i ^ r * inootatiUoii titio pliotf v^m noiftiiiod idtb « Uno i|>yicr of ir«t«r 
/ 
«o that tho miorot ecraOLd se!h«xw wiHI to th« %oriNtaLe« niactar* 
was daatod vlth h«I|> of • nioro dastar imlfOnay on till th« idantt. 
Aftar imawdatloni tha vara eovarad a> nantlonad abova* In tha 








9prgy of ¥ftt«r mui dojit. tli* pt int t im^ k^ p^t Ibr 48 hour* iind«r tbo 
coir«r« «ft«r thct ttii^ wer« rtplaeod to tbcdr {nhotopoviotLo 
trofttmiAliii* 
In »«•• of eemtxol p i an in» wxnetair d M l a r Immtsimt i«(ii gLvin 
«« WIS gLvcn to rttet*itto^ftt«dp}.iiat» iocetpt thgt tiiMt au«t«d 
liith pttM tiO-e pov9«r oaUr imtt^wi of laoeniliim vm fbr lh«i pX«nt0 
the «»«t d«ts «»*« fbr ISsie ptriod tii« 
(tppoaraBtt® of "Qi» iiuit pustule uraitidj' of p«r pl«iit> mm\mr of 
ittfoote^ pme p l » t poreflstti^ of infootod And itifeotlon 
t3ip« ftOQsiritef to dasitfiofttlon glirm Ibi^  Siitom m^ Hnrri^ (I9S?) 
foie* ^oftt fttst. t% yta ai^isod ^et wpb ptopoz^onil 
to in^  isosibinr of pftstoldsi "Slat pmi^gm f*«p»>daotiott q& 
r«il«tiPt {^.n^ts vm mA pvol^sMlitr of m ufi&ap&m 
roii€lilii|t m eaioiptiia* pifOt pxoportloiiia. t« t ^ pe]!>@«»t@gt of 
miooept&Mt pltat» ia tb« hetMt »El3Ctuii«e« asstxi^lioiii vmm «iL.ec} 
adoptod V ItOOttSTd in 
liioo>ii«t«i plants mm v&Slti^f Ibr ^nKtmvm 
of ntot tsnpto** from t&o duto of laoeudLatliHi s^d tlie progross of tin* 
di««««« vts rso^irdtd «• por tbo d««isttd ^ Stakean md H«nr«r (1967) 
elTMi In 7«ll« e* 
IbuTtli diy^  fron tho d«y of vpoarmo* of fuat pustule ^ m tl»» 
pttfttia«f hud ftOLlT doviHopod, pnstudts mnt eoanted <»n ^ l^e fLvo 
plt&ts in of tbo flTo pott for vailotiof md«r dlfformt pl3»top«rlod)ii. 
ThoM obMrratlona vtr* roioi^«d fbr «ill tlis fbur Twsiatlts ospoMd to 
diffor«ttt pfeotop«ftod». 
£4 







Ho xttit ptjstta,* aNlS. fl«cica of <3«Rd 
host Umm mm<»Umm pmmU 
Bati «3itx'«Bit3r «aitll m^ hy 
of Ii08t Utmu9 m n v m ^ ^ tsy * or ciAovoUo 
»«illaii in lis* ic^ jsaTBt** aewn^eaiod 
If disxkxoids. 
Fttstiae« i«rg« oftm unitedf no dtsdi 
bo tsf eilil^ 't^  yttIlo«£ag* 
Mixwl of fltU tho 









n « a t h t i ^ t 
On sotli, mhy 84m, and 4Bth dsjr fmm dtt* of 
ituxuft tttlottf tii« Tttst inf«6titA !•««»• pvt tmi on « plfjCit mtm 
09U&tw3. Data m n r«mfd«d ibv i l l tli« fS.ir» p lmt t pK«teet in •««!} 
df th« llva po't* K r^ s maxiftt^ r imd«r « jihatoisoxidd* 1fa»s» obiN»fr«ti(mt 
ve«« tf.80 3Mi<»x*d«<! Ibr tbe fbfai^  ea^atd mim d i f fa imt 
Ibr titff data 06 par ewt i&f««itttd laavtst ftm%» 
of ituiiK^tiljLe lii hemiKi S) 
mr^ H w ffltawta neiw %iStm tsm a pot <m tba SKJtIt d«y 
of inoeudati^^ aod mat iaf»et«d Iiwtos mm wmmts^ iSPf^  
aaparet^^y Ibz* of tmdmixig h«ii.thy itg i^raa on liioaa 
plimia wsr9 mmys4 Sxt ets^ci tiiy. « vatdi^ a 
data mm f«wrd«d oo t s pXmta fawn Bm tidifc 
a i l i w w^ltmtloaa* 
papeeatagft of Itifaofead laairaa naa eat^Hattd ^ a iiuslMnr 
o f ififaolad lagv«8 dinldad % toti^ laimlip^ of lanwa md md.tl|>lied 
boadiNid* in^'vldisal paromtifa irf3.ua m* di^cndiat cm tlit totid 
? 
auabftr of lasvaa dlffar«d firw i ^ m t to plsstf lilia data mam 
trmffbmad Igr titdjos ^agtilex' triBslbiBa^Um (f i i^ar and tsm^t 
fe>r atatlatioii iHaLr^a. 
Obaarvationa Ibr varloiia tHiax'totara vaira xNiosxdad ra!i|)aet 
of all tha flva pltnta in a pot of a pavtiotaiax' vaxlatsr twdar aa^ 
photoparlod» 
Obaarratlona ft>r lial#tt vara raaordad fEO» l^a v^xootad plaati 
«t tba tl»a of harroat. Bal|^t vaa naanurad fnm tba aoil lantL 
aaxtc <» tba plum to tba taxvdod^ ipax* 
H m t u^ght ffxcattt^ing inoot kipt in biigf ignd itritd i& 






O f^iM HO0SB 
EXFEUIMiST 
d«tt ilticb f l o i ^ t st tr tei la pur o«st 
of pXanUi noted th« dii* of itiltLtttltm of llQ«»rlii(g in • 
raHeif m^w « parUocaeir tmitttisHmt* 
of ftoweoiiis la eal«!idAt«t3 fhso/m duf of 
appesnoioei of £l4iii9r« in tttan SO emt ia « i^ ot tUl 
th« Howrlng in iiosm tinn SO <mt pliiatff i» « pot* 
ffeo Bualwtr of fSr«f!iLy laoomed tloi«Kf<i in « pot wm roeoyded 
daily at slSout 9»00 t!m« mmber of flowore p3»c»p«a oacdi day vas 
rcoerded, Slaot Hit froii^y ocraUd ^ e«idly dlstiai^iilied 
^ador giaf • })ou8« ssM^da of pot 
pbotop«viodi« t^ttti%«atii and met imtsSL t^^ tem mm tlt« eieio $» i ^ t M 
l a the eaii« of «3|i«3dn«iiis uodor fiaturlil^midflxammtw la i ^ s 
hewrrart tiio ««pttxi3»oata wers doae ia e«rttt««i pot« md th« •t«dliUeip, 
varo laocwlattd i» jsstfaa.10 of « * Sf-'* «!•« cottt«iiiiag 
m iadi of water* ^h^ o»i«d5Linge ware ewT^ sifed isy ||,a!is (laiaddlty 
ehffiftlMir) to aa to ^mt to Me^ l»ptixldity« 
Afteir iao<s;a.atloa9 tbe coataMd. pil«ate mrm f^ em t^e 
lao«alat«d oaea wltli the lniiLp of c^ tiies ajsrema* 
The detidled aooowkt of the ei^eviaientidl iig^ttt hafi heaa 
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BCOCHUCICA. mn out tor itiO'^t 
tmnrnm 
|!«r«dd«f*« pol7()hinolo9dd«M «eU«Ltr> tdtad total 
protflnft mA totiil f ^ aiiiao «el<!«« Hi* of tlui Methods mplojwSt, 
•tfiltXiiig tt»e33nlt|a« «<! filter x«X«irii}t infomstjleai f«giHriinf Hit ttngts ttf 
f&e ffietr«ttti9n of tagurt fxm tiitt l««f ampl** mr* 
Emmmn 
eollftctttd i s thft oeatidniiii (fA) j|(|ii«ou» m% « 
t i n t i n t l » fsm Urn ^ H& mi i o tJi® 
glftSS hmm Jao.l, f S)» t t ^ pr®»iii«i«a«tioii »t»g« m^ 
S«a|>lSjig In eitie of etftg«» « of old 
lugare 
and iftotSlingd vss ti^ta bslbro mat imst ^pft^fsiiiii^ stafOt 
the tmpli^ m0 tiSn^ iJbm ih9 sftt^Blstfi mm 4B ^e^n At tlxltt stuj^e 
iniat pm«taX«* had d«\rigLo|>«d m ih* imcsdlftttd suse^tiliLt v«xi9ti«B« 
Sftsspl«i ttm tli« xtt«t«d leaves of the s o a ^ t i l l t vejrietles «olX«et@d 
i a tin iHq;>«irat« paattn pttstGdlft orsas tnd lat^ftoims'teile lUPtwi* Slwltrnwrn^ft, 
leave* from eoRtml i^gats t/mnre ^ao egi^led, 
Iictrefftion flue loef were b>iled fb^ m f«tf ffilmttee Sii SSfl (v/v) 
eqitecmf ethm^ Ad l e f t f^r aoi^ tdiif ovsimli^it. Use mpetnets^t fro» 
eecSi te^pls laui demted* fhsnHi bos« ^ f s o t l M e mm leiide idnh 
80$ (v/v) «yieotti ethtfuA I7 boUiiif the for 4*$ sdtmtee and 
deeintitig tiaie «ip«iniritirit.. v«i M«ie In t^e distilled 
vster. Staple tlio!»m0)l7 tb^tkm and supemetM^t v«s deesated vi^ont 
bolllAg. 
deiRiU Ae sa|>em«tiiits tem vetioui vu^nfli were es»Mned end K«de 
fioetton 
up to • ini»lttne of S60 ml* After keeplof i t ofemii i t and thomighly 




m XOO nS, nillquot vat tdk^m* ^ l e mff •iri|)oir«t«a on m v«ttr btlh 
to lA* 1,0 »1 of i«nd afi^tait vai to 
pr»«lpitat» th« salwtiMieet. Dun l% vm !rixt<»ir«d 
Uhttwm H o . U l t t r {»igp>«r into « ben^ev s0L of stttirated 
diwdittit hy^gm !ri««a m* pyvdLpltftUd na 
Aft«r vMiMBgs the of v»r« f i l t t rM ifito « 
in>Xu]i«t«ie i^d to « i^oXms of SD sO,* 
fh« rtiisdlfig sttgadTf uakto «iiia.jat«id fteeofjiing to (ItSS) 
B«tiw<l «s Aiopted I r <it44) • eoatainiiig ^ 7 0 olomgrgoft 
of rwIadLiig iutgnrs l.O til vero wlkm^ t d ^ 1.0 HL of Sunqpri a6f|>p«r 
r«ftg«Dt md beatlpi i« « 1»illag if»t«r l^ttlt fbv 12 Mmt9B» aoolimg 
tfUB^iilott in tidtli tup tmtos't I.O sa of 
dct« vmngmt man i^iol. "^ oiissit ^nio m^ to ID fhm mlmiif i n t ^ i d ^ 
vas aoamrod In Bitttfi m& lieisl» Ooloileittter at aHliU 
ffiiema*. A laLattk um m l iong uiHi ttia a ^ i o s j ^ r mi, 
baelcgrotmd ooxrootten, 
Hjr^SQlytas of iioBi>«da«i&g mg^m, of dLaidf!l«Ml asKtraeti 
done l3r haating 10 na of «xtra«t ^ t h & id of 
for balf m hour over 8 vat«r bath, j^ftar coolingt •xe*!^ add 
nmxtrAiemi vitii 9 K«CIB ixtlfig mat^ja rod «« m Indieator* oont«nt» 
in tho fXaik nor* iaado adlghtl^ aisidie 0.1 I on^ S l^e ««id ipd ioli»« 
vat m«d« up to fl£L« Sc^oo vix^ %tS«m fbi> Mpn? in tbo ibtoaiser 
desexlbid fbr rodacdng mggta, 
tho anoimt of i^iwroduelBg tmgai^ a v»t etiocflLatod bf taldng 
dlfforiBoo botiMia tot A Mgar* md roduglng «agart. lb* t l tx of 
rodn«&Bg ittgara wta aMNpuUi bgr rmftrrimg to a ttwlai^d otmra praparod 
frost diff^xmt eonciatratlons of roducdng* non-reduelng 
41 
imd totiiL sogers mr» m^rmmwA t a m gram Ary iM^nt tiit It«v»f« 
SflBCS of ai«ia« uat eifiit!i«! vitb « 
tmrnmn 
glaM xt>a in • t tut l»b« m^ S«9 of im%«r ^ t b dxop* af 
10 tl KQl £bff 99 ]ilOttt«» IB « fa^ftrttmr* «iifitid«i«d 
at I BO fts failmMllt* it>» Affctr «e><tliif c«stii» 
fttgatloii the •i9«m«t«rit daaiiiltied ftiirdtt nolutioii vas d«et»ted. 
to alMMait i«KISii« toot* 
wa^mmntm^ ftgriSi 8(»l.ttti«m «d<d«d to Hio vmltiBgi 
iB«(lo vp foluiso in « t H S i w t x i e oe»ttiit ms 
ootiniitoa ^ tfitltitmo lao^od of M^iro^lr ClQS9)» fei o 2,$ 
oiia^lo of Hio atxreh solutloii Coanti^niHi islefogra»8 of 
lO.O Id of fr»AdLy rn^mM w t p a t (lOO sf of m^fm^ In 100 ai. 
of <Mll«d QWKmtrfttoa M^pliuxlo JUE,) liio eoat«it» 
vtro ihotmiigjfcajr lalxed. fho taints eemt^log sixt»v« 
Iwi«r8«d in i boiliag loitor Ibr IS nimtesy liiid mi^idlj oocaod 
iiiUk ywmiag ti|> vot«r* Iho colour intooid^ wm sMoflttxiiHS In « Bwih 
and LoMb CbloriJa«t«r ot mtllieiKmiiio nitiig o IflLinle nilaog 
vith tbo ^oatttir of otKrili Igr fofmrtng %a ^ 
viduoft io t MtmAtefA mnrm, ttio otiorili mxtmts wro oalcsuilotwl I7 
ikultiplTt&g Of gLueooo vnattos i«itti a.90« 
^vy vAiiitt Jill tiio mggt» md oturiii vtro eiaaHotod m tho ^17 w i t ^ 
far fttgtr 
md f t c r ^ Tho reoLdao l o f t o f t t r fbo oae^reetSon vao dxiod ot 9fir6 in m 
anUin Kom? ov«a> «ool«d In « dotiee«tor m& wot^od. tho dvjr w l i i t of 
tho othiiMl iactr««t wn dot«z«inid fMit Hi* wpomattfito Oiieli m f s«do 





a 100 A l i l i^ot W9S tfiStm m^ oet » <soekl«d ia « dvideefttor 
ti&4 IMS wA^t pint t&ft of tlie xntl^att fev» toidl 
dvjr vf i#t* tli* t«as>l«« m f taken in 
l ^ t ^ • f»d l« t mtm ( s m ^ e ^ oa l^e ptxoiddiiM aeti t i i^f md 
poX3^ b«aoXeKxidas« ( t^Mttest ) aeftlfity l^r ike»t«te Ixtfftys, hydt&K 
fbr Vm pv«p9Tmt&m of nefitiiite txktfmr O*^  K At^lution* of te t t ie 
m^ iodlim «e«t»t« msv* pirt^ starndl mdtm 
ii) «eetie ««ddi 11*$5 lOlf m^Am mp to irolme 
1000 s a . 
|») file Og Hg Og l®gO gt.8 griiswi ims diiaolved ia a isUllet 
s»dtt ttp t0 l^H) e l , 
t%o agamtloae msm sdiu^ Hi* Mlotd&ng psnsportloii* to 
ebigiii l»fffir «»ltitioa9 &f dcoiroipH rii!.a« (Oocmsi^ i 
a l of («) »«tl of (b) V^iiac at^ft Be to lil 
£8,0 t£*0 100 
14,8 100 S*0 
of 0«0S S utrMist^ %m pvwpmtA tegr tiMng 14.11 M. 
of 6 p«r cH»t ^v/t) ccSLutloB of in ilisl^llod imlwr 
s«Ao vp to tli« m^iwo of lOCK) ji^ cb<S 0«0S nomiilitjr v«s «i!ju»t«d titratiiig 
i t A | ^ « t ttitttdArdlsoai 0«1 H (nalag 10 nOL of 0»06 Ii hgfdxotmpcmidid* 
for tadb 5 al of 0.1 M I t m* k«pt ia vefyigirttor. 
ro^iizHMlt t f A i iaaiaool ««» p r ^ t r o d Isgr dliOMilvlBf 
1.0 of li(|uda gaaiteed In a*tlU«d w«t«p «id \3f adcing I t to wlvsio of 
1000 Kl4 
41 
C«t»(it<iaL 0«S M vat diiei»l'9tng franft of 
o«t«<tel in diatillfiia v»tttr m^ ftiklng 1li« tolim* 100 sH, Xt m» pvcpertd 
frtilt lattatver rtqfoixud. 
Stt^dlinf c ^ m In S» •3^«rlm«iit }io.f» MadUUige mie» 
utmn ikwf m v ^ggrt ol^, Fmdi ltgv*» i«wi «oll«ot«d fwMi th« plmte 
tiq^oMd to sotetia mi Xmt ^air in in ^ Iblloiiiiii vbtv 
15 f l r« t was a»U^€Kl nt |>5P®«.iiioe«a«ttaoa tteg» iffcto 
( 
i i ) Steoaa l«i{f waa e» 9tfe duy turn laocBlfttloii. 
i l l ) HiiM leaf vipi^* m X7tli digr fmm iJBoesdLatlon, 
% tibii tla« mat fuatudle* be^ dawaoptdU 
fxm ba^tliy plmtw «3.m eoliftotwl to as 
fionifole* 
Insya* I^Bfow m%nist§ mv9 tgr ls9ieog«nt«iiig fr»9l3.7' twI^MiS 
iKKtraot 
1.00 gsrm l«aY«* fyr h^t m km? in the ^ t h li«lp 
df paatla mA vorbar isil««i ySkHit 8»i nOL Qt iiHNQsolvd dls t l t le i 
watar* tlw fl&tt »a.«eratiiig laef 1& sxkriar* 
vat gcpiaaaad lammi^ i four laywrs of waAin eiloth to gat t&a 1i4i»«« «xtr«et* 
Thia «xtraot vrnt up t» a voliitsai of giL (Hiilyii^ lagr 
i t a tttba, lha t»ba vas kc|>t for aistll le^ 
water at S^ C* Olalsnl* ^na fbr alacmt 18 lnomra. Hm MetLjrMd axtraet 
wit iMisd Hit aaaasr of pawxldasa aetiflty m^ polsphicolo^ddaaa aotliitr* 
Atfay iSav for tatlMitioB of paroxldasa netlHtyt laathoda daaoribad tsff 
paxoxldaM 
Fo&tl»g #)d JoAjn (I94&) and Patur (1981) war* a^loyad %dth a(»aa aodifloatlosi 
Aeotata baffiar 1S.6 la of pH 4»5 mti tdbc«a 1a tha taat tubap l«fi of ansjnia 
pT^aratloa tfnd lil of om p«r mi t (tA) aqfaoott* Mlttttos of gaaiaool 
u 
net l^t j r 
Afsigr fbi^ 
polfphm0-
v«r« idd»a. At tlit9 xi£L of 0«05 H, B^ O^  m0 tfid weaeHj mfUr 
10 idjmtM (jkitef* la optical dinilt^ «t 170 mtXiadmrn* in 
BtMLflli nftd Itomb OQl«i?l%«t«ir* « tKLank 'UKU 
fioz- •a<b vailetjr ligr sidHisig ait tba n^ttf^ate Hj^ O^ * 
fti« «»»!»« «ctl*ttr *»• I»ip»t#4 ly y»f4»iwiBg to st^dfits! uupw 
vhii^ m i prtpafwl idtJi m^ym of ^pfOxImetcilT' 
H ttaitt ng ®f «BayBO Sle»ft <5h«ileA (h^smy, 
Smplmg fbr p»voxia»e0 l e t l ^ t y ««li»iitloii mm t^km i nwJ i i l l e a to . 
ii«ti'vl%r m» evtlauitod the mtbod 
by fmUng loilya (1948) * lO.t liL of 0,1 M Aofttato ls>»ffw of |»H 5,0 ii«« 
In « 50 aa. talbi 0*S la of m»ym9 pxa^QmUsm (itieerlMi Bh^ v^ ) 
v*» to i t . 1.0 vSL of M eet«e^l aolutlim viS wlied «t taztj tLmo 
sad ofeuBft Itt oj^tlciil ^oooMod «x«8tly 10 aiisutoa «t 
4t0 nillii^enmo la Bm»h gad l<eail> CoiofiiueW* Sima,tgae9Ufa.yt 
« IslfxHc ti^t for eadi ^Atlotr "isf «3dlag AX l^e rotftni* me»pt otioc^l 
for eorroetioa. 0*0. Viltt«t olii«lai4 m v «« sa«ii in 
tho ronO-io* fht iximbtr of i ^ l i e s t loas vt* tluroo. 
BSTXMjlflOli fiotiO. phm<a. ooBtcot m» itMHyiod in tiifii froib lottf i3f«nii 
OF TOm 
F^^mjlites tHo diffommt stftgva «t i^vtn i s liio ei9« of fatsno ottidtes. A •wsplo 
Ixtvaetion 2.00 wtmm vit tftturatod in 5 Ml of 80 p«r «m% »fb«aol (vA) in 
m aoxtgr* Hi* luMMfinslo w t traoafosrod to « otniriltigo txilbo* Tb>» aortaz* 
w^vH tiAm idtb 5 iiS. of 80 omt otbMuO. tioth tlw mt* 
oollootod in tho owtslfUg* talsa god Istpi ovomigtit, omtriAigatlont 
th« aijponaatgtit oollfotod in • £f la mluBotrio fLsak mA lilt iroaidbo 
vao w«ih«d uLth SO e«it4h«iOlt eoitrifUgwi* l!h« «abM<|a«st fi^oniatint 








ms djfltd Urn in « d«ideeatflir fbr drr vtt^l^. 
Thi» viMi p»i8«rfcd fbr protein ««ttaatil<in. 
«»tiii«UoB Qf t d t ^ phiacO. cemitnl^it Iblin-DiBift rft«s«tit 
h»d t« t» reagsttt vt» prapiep*^ ^ aetliod f^rm 
in tli« Mtthoda of «aily«l» {X960) I I I . To 780 lA of v«t«r, 100 
gr«ia of KigHO^  SSgO toii«»itat«), 20 of pl«ifl|>be>aolytoai« seld 
•nd fiO nd of fi!>r t ^ tfi^d 
dlltit«ai % 1 l i t w iM 
Pfetaol eontmt m» ««tl®«tii«I lay tii# wm^i. Svula 
and Hillif il9m)» ndit of tfet «!»*« nxtl-tet ifiis d i l u t e ^Atfe 
w«t«r to 7*0 aO. i s « t«at ocmtisstta vtme ssditfid tflsidi O.S lal 
of 7olla»BsQli rttAgtnt tms isSdei. IStt %tt!» thos^gfailr ^akm. 
«ft«r tiir«« adimtti of »d<3iBg th» f<ilin-D«nis reageiitt on« Ml of s«tamt«d 
Sod* eiofldiB^Ate tUm mm mlwuf to 3.0 sOL. 
After on« hmr wlntloii mn fXlttirBd thwrngli 's&iitaai Ho,41 f i l t e r paper 
esd^the of>tle«l dencity of the nolmtliOii vm f««d et IMIO sdPLliideime in 
I 
S^t l i wd tottb %«etvoaii>»SO {bloilmetev imS. |llXt«Fp iteing « I^MOIC 
vlth ipd reegwite onlj . A etatidttrd otmre m» plotted ligr tisiag 
in itio3n»gr«s* ifid in vere r e f e ; ^ ^ it* 
-^fhe plidndL ocaitent wie iot^reffied aic»>iv«a per gfm f^ onSi lii^ght* 
ISumber of replioatiatit m* tlume* 
Vor eetimetion of to t i l pratelse, dxied rei&diie l e f t eftor 
ethen^ extraetion fbr ^hmuA eOBetitueote v«« pondered md 60*70 
grm» of i t va* digested with e.O •3. of iuXplntYie e<3id in KJeldthl 
ueiaf fey drops of }i7drog«B^«o3rlde 6 per e«it ( tA) at interrele t i l l the 





vlth 40 i&illttm hjriSfoidde aolutioa (Vv)» usliif jsi indHeator 
gad Duid* t^ to -milm* of 100 aa. 
ttddifled r««fiat pni|»diwl hy ^AtoXv^g 
SO griRs df |»9tiif0im i9jM.de in nhamt 8S la. of mlA vm^^ f* 
to i t mm • 8olmtl<m of isefotiilo imtii « 
red p]Niel{»lt»t« 400 lO. of 86 per omt tsiltoa mm 
ide^af' to till i soltti^A idili eK8ist<iit fUrrliig m^ ilULtttedl to one 
l i t r e . I t ifllowea to eettle (tern tQw « few iityi the «|>«««atj®t 
iiqttid i«ii ttse^ Hiiriiitfogee eetiimtidn (Siaell md X94B)* 
Oiiie la of n«atiria.lied anltttlon mm dIXitted ^ t h ^ fev id. of 
dietilXed imter in s SIS wX«»i>etri« fleilc, IMs ves HeeeXerieed idth 
X*0 sH of e^eknoBS* godifli^ SeeeXere re»f«at, «me i t of tan per e«Bt 
eodiw elXieftte nee eMed to p re fwi turMdity i^d ifol^e mn »«de up to 
lAUk veter, Opti<»a. denidtr of tlie «oiaar devfilopedfVKt iie«»inNl 
ftt €.0 SliXXiBifflRmey uiing e feifisilc vll^ %i»t«r m^ reag«iits 
7d.tt«t of a i tTO^ obti^iied l^m ttiadird mrre nere irosktd out 
jj^r the toti^ dry of tbe xiiaii&^e, totia nitmgm premmt vab 
tliue oiicKaLeted mi mHUpliad vlth i . tS to obtain the totiit protein aantcait 
o f the tissiiXe* Hie reaidLte wre eiqisrefted in mg of pfotcdos per eem of 
freeh u«i|^t« SiatitXee vert enadyted i s r«^Xi<e«tioiii of three* 
E^MAtZOS eetlatetion of totel f ^ gfidno ecdlde me done ^ the wethod 
OF rom 
rWSS MCLSO of Lee gfid DikeheiM (X966) «dth eoae so^fleetiQik. Tk» Xeef a^iiiXee i«re 
ACtDS 
SMi^toff eoXXeoted «t the dLffftrcat etigee •• in the e»te of e n i ^ etndied 
txtreotion (Isperiwi&t !lo*5y Telle fhme gr«u of Xeevet iftre tdten end ehiXXed 
ef totel 
f m «iiiio mt mS^ G in freete fbr hAf m hour. Ihe ewi^e ueg homginieed in • dtiXXed 
eeide 
nortar vith 6 dX of 80 per eent (w/w) egaeoae ethai^l gna trMseferred to « 
41 
a t r i t * 
buffer 
MlUttOB 
$5 p«r o«nt 
etniTlfttge tttl9»« iwrtir m* wifllieiS tidQ« i«itli S ni «f 80 p t r eent 
(tr/ir) iKiaAaas ei^ fciMBel h>%h vtnlilngs mm <»tX«et«^ in etatxilUgtt 
tttlHi* ma omtM i^as^A at iO^ OQO X g SO Mmt^a %% Jtow t^^rfttaT^* 
th9 wfts »4x«d i s m. df c^osofl^iss in it wG|>arA%iiig ItaaniS. 
tnd th» .jrCLiiiir IKpia iliieb e^t 
attawattidi Hi t@p i»f tb* asluUim (in Ihn •(f>er«itiiig mat 
Thft rtpm^ ^VM tl«i«i Ibf Mj&mism 
tiisft m^ llqaia «i3»«ir«t«t. This ^ l o v i i q ^ a 
All. frm mixio Bt&is mAtt to joi tigr nA^^ nf 10 em% 
fiol^tioii i ^ c B «ad Ibr o«tiiiifttlo». F9? 
••tiiBMitiatt of frett iSsAm iiel<3«t )3attmt$ niiAtj^ dirlii m^ 0,fmXQt && 
pftf e<sit to )» It altrit* iMff^r usii p ^ s r e i feoa 
•idd, ift9i» of fbm foUo^ MiAg tm wluiiidBs w&m 
ifor iBAleisg iiiiR baff^rt 
ft) 0»S M «f o i i ^ e tfsiii grmss i s 1309 14)« 
Is) 0«S M aolutiaii of eoMm dttrftto (147«0$ gru^t ia 1900 lO.)* 
foir (sitrato of pi M , 1S«7 st of mlvMm («) 
m i la of (l>) mm edsmi tofethor, fh» wlmo to 
100 iga« pwt sln^^rtiiia oaOLatlmi 'vnm lay dHawliidJit 
olnlssrdlfiB in 0*S H eltr«t« luffor m^ m eolmUaB of SS |>or tm% 
^ j m m l v«s «!•» In <listldLl«<t 
$a of 0.4 a& of m» Ir & tost iutio md OottndnoUoa 
of total froo 
mim adLdt lOL of e&tr«to l«ff<»r 1«2 ^ of S5 oe&t iCly'oiifieiil aistS 0*5 sdl 
of 1 ptr cm% nlBhydxia ytre «ldNid« Hio fia^L '90lim0 of tlio idactttre vmM 
• to s A bsr odiSiBg dlotuio^ v«tor. 
flio Hlxtttvo txk tho toot v«t hootod in bal ing mbUt bath fbr 
eo al&utoo (riBd eootlod in mmntng tup mtme, 11t«Q toot tii%»t m v gtmtly 
w 
mA ti}« vst mdi ia Baititi i^a Imh %»etxoiito»80 Cblofijifttftr at 
570 idUliiiext»s«* Si»}|ttiaiQt}a(L7» t KlaMIc eontvol Ibr bteici^uBd 
eorswdUon* 
Siliftdi***! «>lt*ti«iii of Amlm 1 mierme&ti/o^i aa uss |>rejj«r«5i> 
furon tMd) esntilaijatg 0«X 0.7 ttloros^le liliBiiiit wmmi 
to detri^op c^oiir in rnmmmf «b»ir«* ^ m m 
v«« i^ottM egsinet O»0» ms u tHi tM in totitL 
freo anSao itdLd contimt* fli« austltr of m» 
fr«# mim <K®t«(it use in alexeaao^es por gjwsa of fmtSx 
SfAfimCM* Hkitlyala of det^ vts <!one • • per 
mts^ms 
outimodl }^fmm Sul^fttao 
$11 tlio i fon^ doviiiopQtiitiL ohgrootora md d^^odl. 
eotlMUoBO iwro ftaUsUeiOLJlF iiaft|,j8ed» Vkm vwi Ibisad to t>e 
S pet tm% Im^f i i f f « m « » %m n&fsilMtmi* 
An^riis of "ViXlMioo tftlitoe mv glvrn in l^o 
This «oiit«liui liiidingi mpwsiMmtB omtSisettd 
QV«r « of ISkt^ frnta, mUe o«utlon idtb tlk« pi^Aii^aiT 
•x;p«ti»«nti i» to iniriHitipit* •ff«et of ]^t(»p«!lo<3s 
OS ditMB* in to <S«vilop»«»t mA jliild 
ta etaay 1ti« fffwet of m aitet»« a^d ltd ndfttion 
to i>«la<siaf» ii^vodbdJig m i t o ^ mgim wid wniict of li^ o iMi<v«t. 
0«otion dials i d ^ ouniod out I n ISSd^fO to f ind oat 
tlio M o o t e d eia. Iiit«l» of s ^ i a t m o o i n iriiatimi to mMjrnm m ^ 
foxoxldaso and toti^ tottiL pxoti^si asd total 
fPM «»tiio oQld* «tatiM» of Imimrn 
At sfemis oM TO siamtHia or wsf nmrnmrnx j^s i t s wsu$nm 
mvm jsiB nm> OSMTOH'KTS OSSBM uiFiTOfflT fBoiofi^oDS^ 
I&ir«sti0tti«ai vmm «oadiiotid m dov^opnmt of t ^ t mA 
# 
I t a «ff«ot m imvtti a&d ^ l^d of tli« pXmisM of auaiKijtibL* and 
voaiatant va«i«ti«8 of lia»««d «s|io»«d to tho ttiroo i^topoiiodie tafofttnciits 
• (IB «eid Iir0« ^tlbt m vLm to comdato itS^ o da1» m dtvfldoptaiot 
tfeat 0n lio»t KOtali^iiay invtstilgatlon* foganH&g datiHopnittt of (tn 
tofsa of mmlmr of pttitia«s« mm^m of infootod loavae and pwr vmt iisfootad 
loairaa) havo ba«i dtsmaead aftov tlio nox^itifi^ligteil. (jbunotaya mik aa 
gvovili and yl«!Ld «os|xm«ta, 
Iffoot of tba offoet of rait dufAopmnt gmygVb and ^liild ociii|>^«Bt» 
xust on 
tnvltL asd vaa atadlod in tanw of tlio l i a l^ t and v t i i i t of ^ o plint» iMhavioar of 
3FlAd 
flovoxittg, noiliay of o^^fuiloa, tiai#it of eapvalai and tbo yi<Ld of aaadf in Hia 
41 
«QM{iiaot«di imdcr nataral «irelf<9om»nt in j«ii* 1987*68. 
PX«»t Xt us* that xust o«at«d a i(dpift<s«lit M l 
in tb* bf i i^ t of in t}i« oas* of aaee^tim« vasdatlca uadar idl 
i3r«atB«iBte 4 .1 ) . Moidlstm f ^ int» 
luidar (6 !i£mrfl m<A nisimiB tmd«r 12} <^4 hemni l i ^ t ) la tha ea«a 
QflSf iSXCa) in ea»« of tba <ii!ber aaseeptllte Tati«tar l^baba hoetA, 
f (ed.1 in hel#it» to ra«t« rost^ad m«fdinm imSar Imt tdxdsem 
imdar IBD (12 hmtw I t wi* mtad lloha1>a 
1 , 0 ( » ) mff^raa ^m HF t^ l (a) m^ew ^ lean Hien MP SS. (B) 
undar MS mA W trvalziKota ( fa lda 4 .S) . 
falslla 4.1* ¥%m% li«i#it In en at iXiflnm&i4 tgr mst 
inoeuttatim) of iiui8o«ptLM.e i»«xl«tlaa of 
Iiii8a«d mttrnt threa pl^ te^ailGMda 












SS.07 a . s f 
4£.0& 
CMacn ss.ss <1 
at $% 
lor »a«as « S.S9 
Sbr ZROotaatlo& mm» i 
f lg.S did mt ahov tAsftiilamt ^SbLfftxmaaa in tha ttaig^t of 
fttflt iaoecdletad n9niaoeii3.ated cofitrol. plmta of raii*ti»t vfuriatlae 
SP(8a)9 (jp) m«8F(HR)4S (rU 
PlMStt haitfit la eaaa of eemtYoX pl«ita wm notad to ba aora 
in tmaittimt idtna in ati«o«ptiliI.a ^raslvtiaa a.g. SF(BR)9 (r) •havtd 
mgxiain haiglit (55.7 m} 'tMla Moliaba Lociiil (a) abowad aiitiauii (,41,9) « 
Tataa 2. 
41 
f«ta.« f^Mf cent x>«^etioit ixi pl«nt 
m&mt photsfpeffLoda 
Vaxietir 1 Short 1 Hoxnil 1 J aay 1 day } 
Long 
diy 1 Mam I 
8F n 26. g 25.9 a . 8 2S.8 
Moiiiil>ft toeid U . 4 ie.2 
mm 19 a I9.f 
Talidtt 4*8, S l^gat h o i ^ t (oa) «t l£ifLu«iio«d m9% InoiMiatioa 










HF SI («) 51^ .3.0 fr.14 
Hohabft Irf>eitl (•) sss.&o 
RP(RR)9 (r) S5.?4 8S.9I 
BP(EE)4S iv} 48.6? # .7S 
mm 
« t fm 
fbr V«fl«ty aw»aB« » 
I%>r Zao«nX«tlo» ii«ini i 1«?4 
Ib^ V^ixittsr X Xnoeu-
Ifttion lEtt«r«otlont S.fil 
l>«t«Sl»dl dttft OB h f l j j i t p w p l an t aro lilso gliwo l a f« ta« 1 
o f XI, 
lOftta r«(»rd*di fbr pXimt ««l#it (f!ig,B»B) ibotitd that rust 
inoailat&oa raduead th» plaat walHit of ir«ylatta« mplflctfit lf 
undar OiX tha thraa photapavlodlo tra«tQi«ctta (Xtibla 5,1) • 
A* UiwUwtem i ^ i ^ g tli* •ff«oi of liiiii««t mBt 
yLxd mi» X|) on 
of Hi* plants of mimm^UM.* m^ m l a t a n t 
pSiotopovio^o flonditifiHM. 
B. Hietograa* ahovliig th« offeet of Xiasood wot 
(liSSKSSUBI liadL ^ ^ inoo^at ioA (m 
of plsttliliieiiaa. po?%lo») of saeotptnio 
ma feMsiotoait ittflo'^ifMi^of ilimaoi ihb'Ijtliaoooodi. 
FIG . 2 A 
EFFECT OF RUST INOCULATION ON HEIGHT AND WEIGHT OF THE 
P L A N T U N D E R T H R E E PHOTOPERIODS . 






















5 3 0 o 
m 
CONTROL 
NP 21 (SJ 
MOHABA LOCAL lS ) 
N P ( R R ) 9 ( r ) 
N P l R R ) 4 5 ( r ) m 
( S ) SUSCEPTIBLE VARIETY 





0 m. ML 
41 
Tttil* fXmt mii^t (ii«3dia In grm* •• 
intXnmet^i Ibtf watt InoatAiitloB undcv ^^rtm 
(Hitt f&fttrfts «r» th« Mint of 25 ob»ftrf«tl<»itt) 
! msowt 
f 
- r" '"" 
? ITomiil f 
" t -
1 ^vr 1 Umm 
eoot**si 
%im QMB 0,4m 
u m u n n i.mA 
f t 
intfarmc^fi t O.^S 
I t j ^ a t ^ f i of Id 
vrtgbtt, to mst^ mti«f ilff«i*»ttt phatq^Mfixf^s* 
rtdltieUott In p imt w&^t o t w eeinraq^^iif mtnsa. 
anBfldits* l^ilt isimm»m In dmsr 
in plaat tmmSLi&mg tmn f i i t i inQciastloB, 
$D (6 bcmsm iii^djiiia t i ^ t l o n liiil* 
thoM tiitd«r iy9 wixiam it8!d«r W (£4 tmt9 • 
R«<lu«[tiim tsia«r SO (I t ho^ra ti»t«in»ed^«t« lMitiii«is m m^ 
Butt d*er«ft««d tli« pi tat m f i s ea«« of W n (•) th«i Ht»hib« 
(•) (TtUt e.8). 
Tatl.* ^tdmetiini lit ^v- to lu t t 
fariirlgr i Short 
1 1 d ^ 
1 
{ IflOf 
j d«r 1 mm i 
Vf a 97 T4,l 87.4 
MohclM XK>eiil 84.2 72.4 79.8 
Maud 9S*« 81.1 72.9 
4St 
In ^ t r f l lL i% M90 ol!«»rvwfl t ha t ^ i ^ t of &oBiBoaa«t«ai 
eontxol p l m u viis loi«tt In mtm of •ii«et|>tita« «« 
to m m 
?l«oi CietJlia. pnnim) in ®P<®B« 
«« iii£Lvi«ne»d % inoo i l t t i oe 
flgap®» mm ^ of 7S ©lsf»mtlaa«) 
1 "1" loofflftitwl I 
IF a (•) S.iSS i . e a 
Holiafeii L o ^ (•) 2.7?© um 
Sf(im)9 (r) 4.842 
8 f ( i a ) 4 5 €*•) 4.S4i 
mm 2.869 
« t Bi f . 
Isr InoenOlftliott iKwias t 
Days f b r 
f iovtxing 
I n i M t ^ o n 
Xt v(t« t h u i Hift mft t iiii»<sja.8ti.<m mt nny 
8i«olfi<i«»i • f f e o t o» the of pw? p l s a t of iwsiAitgai 
0«t« Oft wigtot ilsw la Ta^if 15 of I I , 
m a«y» tilt«tt for ialtl«t4«m «f fiotMri&g mm disgrea-
atieOly jrtpwMWMttd tn Bant iuoisjafttiois dta aot iallw«ao« 
•sattrlAly ih* iniUittioii of Howriag IsotJi Ja nasci^jtliaL* md 
r#ilstMit VttsltUiMi. In Motmbt too^ <6)« bat#«ir»r« inoeudlated pXtot* 
•tftrt«d fLoworSxis idgaifleffiiay ••xiiw unatf SD. ft^ai th« point of 
vl«v of tb* Hinte photoi>«7lo4»» I t obttrvtd SD tool; the ggxjwnwi 
BVKbtr of (98) for tnlti«tio& of fLovmdng tlille t^ took tbo idnians 
(7S) , tamo 
4S 
6 a • Initiftttott of laLonwxlng {diQr« fma 
i&€Lu«ne«(l tgr m t t inoailatioa 9f (iasei|»tll3a.» 
undir tformi p h o t ^ m l o d s . 




i bo r t K 









I t t o a ^ a t M 
97.78 




Mom Td.es 74.68 
C,B, ttt 856 p. 
I^r wiffiit 
Ibr f}»t0|»«eie>d x ImtxAnUioa i»t«r»eUmtl,0B 
I t vflii Bfttftd fnm esiitzol nalvm of i .S 
(r) took »iDCimtt (SB digf«) Ibr SnimiflUoOi of lloiiixiiig. 
Both aieenptlld.* farltttiMit "i^ ** ^^ ^ ik>U»h» tociS. took 
flipiflcMtly t«ini«r mmh«r of dag^ •• «»9|>«r«d to bstii th» rogtslgeit 
v n r i e t i e t . 
fftli,« ffiiMttion of ftotmpisg trm mying) t s 
iaHiaaaotS ts^ ^ iBoetantloB. 
Cfli« ft^oret t r^ wmm o f I S obstrrtt ion*) 
fazlotgr ! ! eoRivoi 1 Mogn 
m (•) 81.88 81.70 81.50 
tooiil (i) 82.60 81.08 81.8t 
Kr(Ra)9 {t} 88.40 68.70 88.08 
SF(aR)4S ( r ) 84.00 84.80 84.S8 
H««D 88.60 8S.e4 
C.Q. t i p* 
Ibr • 0.77 
Hor Vmt±*%f X InooUlctioB intwtotioii t 1.10 
u 
9«tti3.«^ <likt« OS ttkm fbr i»iilfttiaB of ll«v»rliig 
giirtt ill ta%l« 9 of 11, 
novtvioc Data on ftoMtifig aur«tion thut mwt iadoaatioa 
duratios in 
dsn r«dtte«(l tbe IS-owsing dat^tftidn la t}«e egm of irfifiotiAS 
sieDlfieia^lf middr fill fbe ph9tsop«Tl<i<£LG (fig»5-B 
jwid f i ia» 7.1). 
f . l . of floiMKtlng ( in diQf*) ittftvemettd 
m s t of Kiiaeiit^l^e imdor 



















l i .80 10.415 
Moaa um 17.«S 
C.D. s t 
XxH>«ii4«ti9a moms i I*77 
Ibr Plioi<3|Ke«iod M leoeuaaliioii inttf^oufMoo i S.06 
I t VM cSLfwr f*oa ti3» UHSlt 7.S Umt s ^ e t l o a la 
dtt7«tlott dtto to m a t lafoot loa um mgxlauB tmder ^ ttdLtilB»]i tiad«r 
ID. Dlffomxcot Uttdor md tO no iwcip l f le f i s t* 
T«aai« 7.8. <N»t rvdaotion to flovtjfiag dfeimtlon duo to 
tmd«r ti^rM pfiote^oxiods 



















87,9 4».7 4?.l 
¥lg,5 A« iho\dng lit* •ffeot of naat (M<fi«ttp6Qy» l in l 
irae* ituxs^latlcm <m inltlalioa of flovwsl&g ia attSfiMptllL* 
m^ vml&tmt ^raxlfttlea of linsded a« tiiree 
j^ts^mdoiil® ecm^tloxis. 
Hi«lof3rias» ihoi^Ag mitmt 9 t fMiilaanoaoy l i a i 
r««e X4) INO«BL«TLOR OB dNimtioa of fLowwrliig in auac«ptilil» 
t»d T»i!i9ti«s Qf liBflQeil m ii»!lu«no«S %Qr ttix^e 
pbotop«fi0dic osn^Uons. 
r IV3. o . 
EFFECT OF RUST INOCULATION ON INITIATION "TmU" DURATION 
OF FLOWERING UNDER THREE PHOTOPERIODS . 
SHORT DAY NORMAL DAY LONG DAY 
2 100 o § 
t 80 
o 
H 60 cc UJ 
o 40 
or p 















• • • • 
• • • • 
CONTROL 
N P 2 I ( S ) 
MOHABA LOCAL (S ) 
NP (RR)9 (r ) 
NP (RR)45 ( r ) 
(S) SUSCEPTIBLE VARIETY 
( r ) RES ISTANT " 
45 
I t wilt «»b»9nr«<l th»t Mohtb« tooil («) fXowtfwA 
fbr ft Iong«r (iiratlon at to othtit i t r ^ irftxl«tl«a coetn*! 
pl«it« w«x« eoK f^tirid la Tula.* 7.8* Xft tli* «iiii« of resl«t«it iniii«tlM 
tb« difftraaetf betvow flaweifliig (3iiPatigi}» in i£ioaj^ftt«d and e»ntft>l 




te'atlon of Howcselfig In dbqrs isfltitROid 
^ mifft inocKile^Um. 
(fh» flgiiNKi (irt th« »«iB of IS 
^riots ' 1 1 Gb&trol 1 InofS^ftUd 1 mm 
n. (•) 24,47 17.0S 






C.B. ftt B% J»» 
lb* Virlety t 1,84 
fbr Inoeulfttioii s 1«QS 
Ibr * InocMlatloa liit»p»oli<»n t 2»60 
ena flowtring dtorttlon Is Tiearttd ia fal3.« 4 in 
%hm ^pimdix IX. 
Th* <l«tai on tho nunb*? of flovtr* par p lmi «» dlagrtfaAtlefllly 
r«pr«»esit<Kl in I t vas obMrved ti^nt fh9 popvdttion of flowora 
plant la iu»c«ptiia« •gjrl«tloi oufforod idjpilftciotly dtto to iti«t 
inoeulstioay imdor d l th* thr«« pbotop«rlodf 8 a ) . ^ ««xl«iiSB 
rodttotion la tli« mabor of aentro wb notod vador SD tad tho sdniaia 
UBdor Wf (TftULo 8«8}. 
46 
Tfttd* 8«1» Ho« of Hoviur* p«r |>l«»t tnflu«iet4 ts^ r mat 
inDem«tl9it of attaiis0jptil3!L« T«rl<stl«i» iuid«r thir*ft 
ehotopcxlo^ls. 



















MoiQ 11.86 12.S0 14.98 
C.D. «t P. 
J^r ImoajluUon aftiua » 
fJjr XnooiCLftlloB w pfeotopeilo*! intarwoMxin t 
t fb le F«r e«ctt r«d»eti9ii in l^n MtimliH^ ' of floiuwrs (Sue 









1 «l«3r 1 Mofgl 
MP a (•) 







mm 87.9 70,2 SS.4 
In th* «ti« of r«tiKtMat rust did mot 
«ff«et Irh® nwabey of fltowiwi pi gat (T«bl« 6,1), 
Xn g«i«raif i t waf Mm tb«t th« r««l«tg»t vtxliitl«« pmdaocd 
iporo fXonerD tijjBa iiie iiKiofptlbl^ Y«il«ti«0 «• frow eonttol &A,vam 
of fctUo fbr «x«ii|>l*, I{P(HR)45 ( r ) produoM m aonvr* 
Kohftba ItOoA (•) pmdae*^ o&ly 18 fLowir*. 
D«tfill«d data ert th« nonbor of d o w n per plfliit gro glvtn 
in S of Appendix XI. 
47 
Tsta* Sol of flo^mn par pli»t at Influcnetd 
iwit iaoficdftUoii* 
(7h« flguirva iir« %h9 me«ii of 15 ot}»tr«-fttlotts) 
V«rl«ty "•""I 1 OoatB:^  1 Inomlatadl | mm 
» a C») 
Mohaba toeitl («) 4,84 ii.eG 
SP(im)9 (r) S6.S6 
(r) sso^a 2d.08 
iit 6« P, 
far a«iiii« i S.40 
Ibr Ifioi^ii^oxi mm* i 
f^ t It i»t«if»«tio» t S,88 
Kimtstr of datft ot^iinod §»r nmhmt of eipiolot per pi (gat «r« 
allies 
par plant aiejpripaiatlealiy Tfpraf«attdl In Flg,4-B, Bwat jiBootlatloa radeead lha 
of ciapaoaa® pay pl««t t t^f i ismli ly ixk sasflsqptiiae variatlaa md«" 
(53.1. thraa pliotopajloda, Iba rainotion In tha wwber of cipi(sa,«» par 
plant Ttailtlfig ftm met Itt0«a4«tli0ii TAidf^ l mdier (Effai^mt pltotopatioia 
Cfibla tfiidar S» aiwaat m cap«a.t was fomad la Inotitiaatad plaetta 
ifi^raiia imdar Lfi only 40 to ^ p«r e«»t ei$»a»l«8 mm Ibmsad and awuad 
oip«a«s vara fbmad mdas" IKS 
TaMo Bo. of p«r placet aa influen^ia raat 
laocalatioa of attsoiptill9L« vaxlatlaa imdar thraa 
pbotqpariodUi* 




















Mam 11.85 12.11 14. S6 
a t f i f p . 
9br Xttoculatlon iieaDa t 
Ibr Photopariod x Inootflatlon intaraotiott » 4.12 
4 A* |{iate»gir«»s • f f t e t of (ESUhBBSSH Mat 
mm Z4) m niimlx^ r of HoneiTit of suiesptliaL* iod 
reslotunt i«rletl«a of Xinacod under thre« phote}p«id4<31« 
e&aditicmii* 
^ v d n g «ff<(te% ^f llni«9d xttft fWiilMaBiaga 1,|.H1 
i«et S4) m mmhm^ of of tunoaptita® md 
FI6. 4- A 
EFFECT OF RUST INOCULATION ON NUMBER OF FLOWERS AND 
CAPSULES UNDER THREE PHOTOPERIODS. 
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CONTROL 
NP 21 (S ) 
MOHABA LOCAL (S ) 
NP (RR ) 9 (r ) 
N P ( R R ) 45 ( r ) 
(S) SUSCEPTIBLE VARIETY 
( r ) RES ISTANT •» 
I 
48 
Tifili P#r em% in th« tmUmv of etpioltt 
au* to Ofidftr thrM |}h5top«i^ds. 
1'" $ ' i \ \ 
HomiiL 1 f 




(•5 100.0 72.0 
77.4 
mm , se.o 
to i^tt of miAotmt fust iisoa^latioii did not 
•hev sl^lflttiRt «ff»cEt m tbm wrnhmr 0f pw plent (futa® S.S)* 
t»i g«Q«rflsl* i% ligft'noted thAt mr» mm |»f»dn<wi in ess« of 
t9t&»%m% vii3!i«ti«0 in oite» »em is matml mltm 
cif 
TbM.* So, of p«F plmt iaHumeod 
figar«e of 7S ofeassrva^^sf) 
1 ^tml 1 1 mm 
8? 83. (•) n,si 
l^ ohalM Locd. {•) 17,47 4,0d 10.78 
BP(aa)9 W) S6.08 £8.96 
»P(IIE)45 ir) £9.40 20.57 
Mcua 24,ie 
lit 6% 
mr V«rl<rty U9m» 1 
fiar XmaiXmUon wm» t £.02 
Tl»r Vueimty x XnocUlttion inttraotlom S,I8 
nxmhor of eiptid.** p«r pl«it i« Aao rtport«d in TatHL* 6 
of ippcodtx IX, 
46 
Tiidd of flhoie la naist ltt&oudl«tios « «l|p»ille«at MX 
eipiia«» 
ptr iti the ueli^i of ei^miaoi p«r plMit i3.1 tko tbroo photop«]lodfi in 
th« «tt»o«ptita« viiTl©tl«» 10.1) • 
t»t(L<i 19.1. ti«ild of ei|jiMl«ii ia grarot per pleat as Infl^ettetd 
(1ti» um Iti* a&m of tB obstirvatloii*) 









Cbatmd l . fgs i . ae i l.SfiO i,m 
laooodLated 0.000 0.104 O.0S8 0.180 
mm 0.66S 0.T4S 
'^v IsoouElitlifm i&»ati« I 0.16S 
f&t Fbo'^pfzlodl X Isio<»lsttoa iatcar^io^ott t 0.28$ 



















100,0 91.4 77»e 
R««t Inoeuletios xm^mt ^ eiBtstdi cent ««Bt T«d»ctio» In 
tlio Vidght of ttai* of boUt «2aee!»tl.l3tle (7«bLo 10.^}* 
98.8* md 86.0$ r«A»etlon vts ob««rv»a vaxdmr JtD la caw of »P a (•) 
•ltd Moh«b« Local (i) raipaetlvAy. Gndar LD, R? a (a) ggvo 91.8;( 
raducstloa ^Mla Moh®t>a tocA (s) 
so 
in of eiiptni3l«B pXmt to rust 
Inoeulfttion noii»tigBille«nt in t«si«t9&t T«rletl««« Is I t 
vas In cao« 9f non-inoetiLatod oatntsoX ple»tt tbf t tite velght of 
p»T pXn&t itm lamr %n eiiseeiptittt ^m ist arealiiiant iirsxl«ti«a» 
I t fl^tsijKam iti 1h» a t l^ha^s tiOeiH (s) mik luedrnttt in tti« of 
BF{RS)48 (r) , 11am« 10.5. 
T«l£l« 10,3* of grme per pamt «s Inftumeixl 
Ibgr mat 
(Th« tlgamw «rt -tJi® mm of 7S ol>serv«tloa«) 
fa i leV 1 €ooti«l 1 1 K«an 
s? a 1.7i8 0,0i7 o , s u 
Moiiaba lioe^ 1.207 0.808 0.70S 
Cr) 1,987 
K?(RR)4S 1,098 
Mam 1.74fi 1,050 
' C*S» «t p. ' 
f&r l&rtftty isefses t 0,165 
Ibr m«iia» } 0,14$ 
X IciioeuLLa^ on intwactioB 0,88 8 
Batoned d«ta at« ait^rtod In 7 of %pendix XX* 
71«ld of / fhta fo-v ylfld of otada p t p l ^ t er* 
««a4 patf/i 
plaittt «l|agr«»js5aticiaiy in S-B. 
fbe mi t of fu^oapUM.* thoiwd a 
lii^plfloMit fAl tR Jdild UBdtr nil thraa phot«^«slodi (tiim« U.I) , 
0ndor m, ttia fiai nas 100$ la l3otb HP n {•) and Mohaba X^cA (•} 
•ar la t l ta , Undar i t umb lOOjC in tha eaa* of Nf id («) and 9S!$ 
(litijlMitiBi l iBl J im03iittiimi m 
of etpmatu Ua gmi) plm% of 
fsid visiatmt of Xi»tt«<l m^m iSsLVm 
B« IIi«tiogr«ii stionl&g ttffooi of imet 
(MAIBWI^ P l i a l Xj) t»o«a«ttott ou y i^a 
of •«•*!» (til gmsj pwv of iueoijpliimo lod 
fvdtotmt of H y^wi 
FIG. 5 . A 
EFFECT OF RUST INOCULATION ON WEIGHT OF CAPSULES 
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N P 21 (S) 
MOHABA LOCAL (S) 
N P ( R R ) 9 (r ) 
NP (RR) 45(1-) 
(S) SUSCEPT IBLE VARIETY 
( r ) RESISTANT 
3 
SI 
la tht C9M of Mohdbit (») md una«r 143 th» f ^ va« 97K md $9.5% 
in HP n (b) mdttobikha lociH (») <titta« U.e ) , 
faU* H a * f i ^ d of (grcmt) pw plmt at inaumovd 
Isgr lnocata.«tioB of vavlttiAt 
md0r till:** photqptTio^a* 
(fb* flgiartt ar* m»m of ZB obttrtetloti*) 
I mn 
1 




Cootrcd o^ms 0.3S4 0.078 0.908 
XooimXtttod 0,000 o.ose 0.182 0.0S8 
Hmm o,m 0.4«3 o,m 
» 
ptfr Xnoe^fttloa mmm» i 0.094 
t ime For emt vdavtiaa in tho yiiOld of ••«d8 da* to 
vaat md«r thTM pbotop«zlods. 
! Short ! 
f I 
VoxmtL 1 




Si> 21 {») ioo.o 100.0 97.0 99.0 
lto}i«b« IiOoalLtif) 100,0 98.0 69.5 8T.2 
100.0 se.o 
MSeii^tlliil* Tarl«tl«i jlia^cd OMtdi* tium ii),9 r«ii»tii}t 
T*H«tlM oootTOl plMita y&f 09npay«d <T«ia» fbw^ m 
•ifcdfieiOt dlffvrttie* in tli« jritld «md«]r thr«* pisotoptiioda 
{UV^ m S of S^mSlx IX). 
nmU on jrlAd of Modt fT plmt mf Am gLm la TsMl* 8 
of i|>p«iidlx IX* 
BZ 
f«ia« I lAa of (gifjswi) por pliot loaumMd 
^ xuat inocnUttioii, 
flgartfi «r« th« int«» of 78 obatrratic^i) 
?»rl«ty i central "1" i 
r - mm 
m m. l . l l S O.OLO 0«S61 
nohtHbti loetl («) 0.694 0,096 0«S9B 
KP{BK)9 ir) 1«380 
(r) 1.197 uxm 1.192 
mm 1.079 O.Bli 
C.O. at 651 
Ibr I 





oa xu«t mof vmvat^ tA in toniB of ttwabor of 
diijr* t«k«ii fmi? tspptttxmm of puetuX^ft ma^mr of SftmnOlaped 
pu«tuli» p«sr ««Bt l»f«et«a l«fttr«s «siii0|>tlon 1li»t ^mtti* 
l»eT«««« WAS piopof^Riil to lnor«««i« in mm^sttv of pttsMos 
iiorlcod out « sSMlftf* m^'^)* WMiay obmnrfttioRS «m sumbei* of infootod 
lotvts pt r plaat v«r« i3l®o r^mMtd in tho ftsrptidasBt ima«r nutoria 
myitoimmt Jto th« 198f-6S, 
D«ts on Hio thTtt* «]i|>«Ti!s«itt <!oaaaot«<l isx 1907-68, 3.980^9 
mA 1989-70 r»g«7dlfig the txmhtft of trfetn for m»% tpp<»$stmt!m ftfoa 
th« dtt« of inoooilttlon, tro rtportod in TaKLe 1£:.1« I t v«» ob««nrtd 13iat 
16 days vmm t«k«i» for ipp«gr»e« of ifait la teth th« toieiptlKlo 
varittiof imdtr SD^  KO iBi<S tS is tii* f m t 1907-1^ }hm t|i« «3qptri««ats 
vtr* (»Q<!aotod astaril Miizonamt. Ths «q>trtn«itf oonduottd in 
th« boti»« dtoxisg 1986«69 «adi 1969«?0, liovmrar* tiio'wod IS mi 14 An^ 
s» 
ibr tb« «ppm»rmem of vttvl f!fu9tu1.«» ia lx»tli liMi mae^pUllLs 
v»Ti«%i»0 tmdtr diff«riOt phe»t<i|}eido<3s. 
tiia« lisa, S«3r» f ^ m»t Ino^aattm fbr th* tpp^arme* 
of fiiMt |itt«tai«i tmAdnr ttHMw pbotof»«ai9ds, 
(Ob««rv«tto»» fbr tkm^ i»ptrl»«Btt) 
ooeduottd undon ISiitaril inidfonatnt ! ca,«f» h0l30« OBVlSVHBaUKit 
Pliotop«i<iod 1 I 1 I9e7»«e 1 { 1969-70 
Short dsjr m a (•) 18 • 
HohitlMi I<<»eiiai(«) IS » 
i r n (a) 16 18 14 
Mahabft IioeaS. (s) 16 18 14 
Long dior m a {«) 18 15 14 
Woiiubt l.O0«l l e 18 14 
• iftr« m% «otidttoti^ atiospt iattag 
iEff^x«a««t in ttdmt for mts% wffp«i«Fmm in <3iff«rcnt 
3re«rs sdi^t It* to thft In t^HpttrttBjftt in ntl^ri^ 
And hmm m-^rmmmii. 
Hui&litr of tb* data oa tlui of puctudLta film% for 
pQituXta 
•xp«sla«oti amduotod iti 1967«6a, 1966^9 oed 1969-70 «re diegarflaanR^ocilXr 
3f«pr«t«riiod in t% ial#it h» mm ttm 0 iti ^ptndiat I I 
that o»ntxol of idl fbur reil«tl«A Msd ^«» l t t«d plget of 12310 
r«id»t«at v«iioti«« d&d sot domd^ mf puttiao thfou^xmt tlit stodjr und*r 
gny of tlvi thxwft piiotoporlodlo tr(iiit»«iita iiMIo piint t of 
•ttto^>ti1A.« vcilotl** d«irtloj»«d iAi«tid.o« tho thx«t photopotiod*. 
A ao«p«H«Hi of tw iaseqi^mao raritttios, NF SI md l^etL 
in T«la.o 3.8*1 xwroaLcd «LgBlfl«!ilBta7 mx* pustuOtof p«r plant i s o«i« of 
HP n (t) thm in Mohftba toeiQ. (•) in i l l tho th7«o 
A* i ^ i t o g wmhmp of p^t ^mt 
di^ tmm »tt«i instdudLaliioa 9f tusonptiiatt 
B, Histopww •hoviag ixtatber of ipusti4et» plant on 
letb (Sflgr f9an lUst inocnXitttaii of 
of natdloy Hiroo 
0* Hlotogr«n« tbonlag mmhw of !»it8t»l«fi 
on day fxoa xuat imoedation of auaeeptimo 
<««xi»U«i of tmdor tw» 
FIG. 6 A. 
NUMBER OF PUSTULES IN THREE EXPERIMENTS 
UNDER DIFFERENT RHOTOPERIODS. 
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- I a. 
i/y 80 
UJ 
^ 6 0 l 3 
Q-
U. 4 0 0 
1 2 0 l 
N O R M A L OAy 
I 
LONG DAY NP 21 ( S ) 
MOHABA LOCAL ( S ) 
( S ) S U S C E P T I B L E VAR IETY 
1 9 6 7 - 6 8 
I E X P E R I M E N T IN NATURAL 
E N V I R O N M E N T ) 
B, 
1 9 6 8 - 6 9 






60 iij J 
H 4 0 ir> 3 
Q. li. 20 
o 
2 0 
1 9 6 9 - 7 0 
( G L A S S H O U S E E X P E R I M E N T ) 
% r 
X E X P E R I M E N T S WERE NOT CONCiucTEO UNDER SHORT OAY 
D U R I N G 1 9 6 9 - 7 0 
64 
IS.X* Bo* of pnvlxiilss |>«r i»l«Bt in ciqjinciitttista. 
(Ih« fif3;r*ff cr« MAP of 75 mA XOO 
<ib««rri!Uo»» i» thd mwr lS0f»68, 1MBJB9 mA 
Vaiiaty 1 1987-60 " 1 ! 1968^9 i 1 1969-70 
HP n (a) 







»t 51S P. 10.21 l a . i s 
LP 13x9 Biarfbwr of pu«tul.«s »t#alflci»tlr ^ r i n g al l «»« 
thr«« Cfi^® IS.8)» tlie datji fbr year i963»fli9 ia«3di»m 
(110) mAme In i«i« oaind«d 
I 
out itnd«r MB HEul oedy ani i t noted thut pXmt» of aaeec^tlM* 
ir«irletl«s 6igtitlfleapii@^ mttt pmstiAes madvir SD ^ m m&er 
Ko, of p9f of aa8e<i|>tilt« varlttUew 
4iff®r«t plbot^eilodK in thntt e3qp«triiseBta. 
apif«« ^f m, so MM! 100 
otjtervfttions la th* jniKr Ii6f.<l8, lt6d»70 
fhotopaxiod { ise7-e8 { 1986-69 J 1999-70 
Short day 67.04 U0.14 • 
Homal day 90.84 76.46 8g.7S 
t*mg di^ «8,72 55.44 5S.74 
C.D, «t 5$ P. IS. 60 82.77 12.24 
* ta^oYliMaits werft »ot ooadttotod m ^ T •hort. dajr in iti« 
Mo* of Dio data raggrdiag pattom of Hfttttrd i|>r«»diag of mat 
lafa«ta« 
laivaa infocftioii ia tanui of nu»b»r of inftiotad laavaa riOLata to oalr 5 vtaka 
of tba |««r 1967«68 sad ara <y.«griiBa«tioall7 praaaotad in Tig.?. 
on SOth, 271b, MtJ, 4ai»t md 48th «3ay ftoa 
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m f nottd to 1»t aor* in m ^ (•) In 
Mohab* Lo««l (»} m £7th» Uth, m^ 48th <l«r th* <i«r of 
ino(S3il«tioa th« 4Slff«ttt)oe» vexv cm £?th, 84th, 4l«t and 
<8th d«3r (WibU 14.1), 
fatde ISO. of lofitotid p«r plmt obMnmd m 
m ^ j iBt«rviil». 
(Th« %r% th« mmm of 75 obstrvatiene) 
J Day© fraoi t ^ datft of inoo9A«tloii 
VaU^ty r 
1 " 1 27 f \ - 1 \ 1 m 
HP 3a (•> XO.SK 47.88 48.18 42.28 46.01 
Mobftba iKtcfi (•) 9.45 85.56 82. SO 89.71 88. B7 
0.9. ftt F. U.44 U.S8 8.80 ®.54 
Il^ ftts fbr S7th, Ht^ dty ftnon I'm dinr of l»9csasti(m aft 
giv«a in chovwl nsoeyum smnlier of imf«ei«d mm 
SD gad la rodaead th« mm\»T i&talfldmtLf In «U. tlt» exoi^t the las t . 
In th« la»t vdidc, t r«v«rs» trmd obaervtd atlsOLy b<ctfai« heevily rastad 
vaAvr SO aiBd HO vitboxwd a^ nKf ^ that tla« md xNi^etd cuaber as 
aompKNd to that undar i:^. 
Taldo 14.2. Ko. of infaet«d laava* par jdtfit of muioeptltiLt 
Tazi«tl«« undar thr«« pbotoperiodt. 
(Tha fL0iraa art tha w m of 60 obaarvatlona) 
; rxtm tha data of litaail.tloii woarlaant^ 
«iotopariod| gp I gy \ U \ ^ \ 4B 
Short digr 18.10 70.19 64. S2 51.48 48.66 
Von A day 10.17 40.79 96.50 £7.76 80.64 
XiOBf dajr 6.47 14.If 16.55 £8.65 44.96 
C.D. at P. 8.57 10.48 10.56 8.50 9.67 
S6 
P«re«it«e» Data m th« p«re«a%ag* of iBf«et«dl reported i» 
of laf«eti4 
X«aT*f tgia* 15.1 <llg.l9)t m& to th« (»i}duet«d In th« ^am 
Hou»« In th« jwnr l,«88-e9, 
Fere«B%ftee{trsafitlbmod v«iu««) of ixtfootod 
l«iif«s ehotopoxlodt* 
(I968»0d aa^oxlnaet) 
Varioty 1 ShoH dti^ 
— — — 1 Koraal day 1 f Long diijf 1 nmm 
8F Si (a) ss.se 47,02 40.14 4S*S0 
Mohaba i:,oo«l(s) so.eo m,m 
at 0 F, 
fbr Fliotoporlodie »«i«iiat s 
?«rl«1gr mwiias t 
Th« aiwdlstM of Jafteot^i lintifas worts uotod to be a»<l«p 
SO, fbllowdi Issr R& tB and difforaaoea uar« t&.§alflcmt, fhe p^ttmtm^ 
icfaotai laamo woxii (dlpilliegn^y ssomi in K? 21 (s) than in ifohatm taoiL (»)* 
HtfxteuQ mmlHir of iiifaotdd X»«yas tttmrAeA for HP EL («) mdev tha 
miiiisua mdar tD, 
gioer®l# tJsia trand tho %m •arlotiaa, HP 21 <«) aiad lfehab« 
hoci»l wafl similar vi^^p laaxlHaii loigvot in SS «sid sdyBiem In 
8. STCDIES m m SOOARS mfy SfJUtCS ODKT^ f 
fhia taotlos daatLs with t}ia rasuOLta ot>%ilfi«i on rt^ Saciiigi) 
noa-radaeiag isid tot<il aitgars tfid atardx mnfmis of tho laairaa. fiw) 
obaarrationa uara reoorded Iwfbra iaoeulation mA at tha t int liifla ra«t 
puatcCLot i«er« ItOly dariiLopAd <m iaQ«»ilatadl fuacH^titiia -rariatlat axpocod 
ttfidar nof»«>l day» long day «nd iliort digr. 
67 
Oirtobydirat* Studitt oa th« oeftotayidii'at* contmts of th« 9i»av«8 of fusei^tltl* 
Qontict 
and ywiiatiiit v«xleU*t of iliiMod mn eofi4u«t«d vltli • to tindioratiftd 
tl!k« xoXt of f^tedug* non-jpodttdjig md totia iagurt asd sterdi in ]!^ «Lfttioa 
to dtiaagot in ia«e«ptilCL11qr diff«t«&t ^ botapt^ vlodle taMtatiftiiits. 
faxMimv attn^ts nevo to know tbe iRfkam*» of rait llai 
x'toe I4) inoeMflityLos iinttia of oiarlsolijnftirAtoft in the loaves at 
thft of mat qspaarmce* 
Hio Xoavoa mnst aaaaplod f^ia aeodliiiea gm^k mAmf SB 
and liG at |)f«»lB0€«dlAti9n a ^ a m4 «t ttie atago mat i|>p«ar«d 
C Tatia 3 os^etiiiint %). Ifi tha latar oaaa, niatad leawf of auaeeptibla 
pXentJi vara oa^ <»otad ipttatula «r*as an as trm intaiv^uatida 
araaa* l^ ssedLtipaottiiLsr TE«f nara AISO <so11«etttd tern mntieal plants. 
Badnoiag Oata for radaalng auftra In fag par gtm dnr «ai||it of laavaa 
mgara 
are SUuatmtod in 
An ineratfta in %a da7 langtii tcsndad to daeraaaa llta jre^olnf 
mxg«T fiontaata of tSm lae^ vas in liltciat ail. tha fm» irazio^M (TsllLa 
fa1;a« Xi.i. aadttolng aagara in ng par gr«» diy i#tig|it of laairas 
aa inflLumoad nndar tbraa plkjtcpariods, 
{fim flgnraa are tha mian of 6 obaarvatlons) 







day ) 1 
m a 10,17 10. «0 7,77 9.44 
Hohaba <•) 17.00 11.10 9.0S ll.»8 
SP(Rft)9 ir) 16.07 10.46 
!il?(HR)4ft it) 11.80 9.S8 6.48 e.90 
Tha iJbo*a trand va» fUrthar notad in tha laavaa at ttoo pra* 
inocttlakon ataga wd «t tha ataga of ruat i^ jpaarmee in tlia control pltota 
f i f . 6* Uitftotpmm 8i30ulag 74id(iidLaf supr of tb* l«Air«s 
of fu i t 4bodilated «»« noa-iiweoiftttdl (ejutWDil) plm^ &t 
«ii<l iTi^ istMUt of «i l^flummA 
lar two pliotoptvioil® «>*ida.tl<«i«, 
dttgor «cMit4Rtt« is Xmmm at pmh'tao0^»tim 
sttge i s laso 
FIG.8. 
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LONG DAY 
M O H A B A L O C A L (s ) 
NP IRRl 9 
QL 
N P (R R) 4 5 (r : 
a 01 
u PRE- I NOCULATION STAGE 
CONTROL 
INTER-PUSTULE A R E A S 
PUSTULE AREAS 
RESISTANfTVARIETY 








«a4 In ««>»•• of pn«tul«t md intvxwptistta* «r*as (RLg.SO). Somboy* 
no ditUnet dlff«i«oe» ol3S«rv*d in rtdtueiag aepa' oontintc of th» 
o f «uiOt|p»tliil« md r*0iiit«it irtfiil*ti«s* 
li» ioawklfttion of Iwp^ mmaxt of msmt m* «otle«d In 
th* of jmttKaes un^or th* pljotqpexlodUi Intoxw 
l>tiit(a« «Te&#f boutfrtr^ «hoved ft tttsdeaegr tow«^f fiill In vSaO^ng 
ittg«r «o»t«at« tihiH} eoattoi plaiitK ia etit of Iwtb 
•ttsoflptiUe ^ndef i^l thr«o photqp^ilods C7«M.« 
Zi!io«»fl«1^ pX«nti of mAutM^t iJoidi did not AmAoip my fttst 
tended to riiotf m m rw^ladlas aagar than oactxtol plicits 
i%xesp% in Il»(aa)9 {t) m&m m mA SPCBR)45 (T> uador 
ImraxiiilSlF* i t n m that rm^iAne content® of 
vvm noy® la tiio old pl«®t» diora old oostrol plunts) tli«wi ta swPi 
pi«ats (S7 d«ar« old oontxol pltasts) idth tb* ^oep^on of »»o-slHiiifle«%t 
«ftao of (r) m i v t im md 1.0. 
T«ia,« 16#2. I?»dttfiin« la ag ptr grta dt^ iwlifht of lo«ves 
ftt ditl^Rjpiiii otaffti f^m f«ttt i«o«iai»tioB« 
(1lt» figajm* «r« »«ai& of t ol^ntrvnttoso) 
troatttiot 5 day 
1 Hos»«l 





•ttg« e.45 e.07 7 . » 
( Oontrol 17.60 10.80 7.07 11.68 
Hutt { 
(Intoipustulo 
19,47 •tug* ( ar«ft» 15.60 6.60 11.19 
( Fustol* «rt«t 28.85* 17.65* 12.15* 17.86* 
1B.61 10.04 6.6$ 
C.D. St 6% P. 
FbotOKOYiod aotDS » 8.69 
War Ino«al«tion tjr*iitaMMit »««nt « 2.69 
« Tignroa \Mir« not InoLudod In th« anilTids of TKrl«nc« 
«ad in mr effoot. 
m 
Sftta m rtdaolng •agtr Olwo glvm faiai» 10 of XI* 
Hoo-w^cdnf Non«ir»cItt«l&f wsiori aloo ihotiwd « d«er»«djif %tm6 vith tb« 
•ttgnni 
in Xmgit in Ibotb th* ittfiei^tlM« and v«ti9tmt vtilfftlt* 
( I I I . ^ m n mA 1 7 a ) . 
17.1 • iag«Mi in par grma v s i ^ t of 
IsAvts tm SatflvmetA iim4«f tto^ psn 













i»«»g •• ! mm 
1 
a a .27 IS. 47 a .77 
Mohaba loo A S6.67 s:s.iB 1B,87 SB,!® 
ir) a . 0 5 n . s o a . 0 8 
(T) a ,67 16.180 
the Aaorasting tread v«$b ilao Tofleetad ty leaves at pre-
imoAMim et«sii mi irfc th« of taat iftpcKr^ida in ooBtmX 
plmte gad in iatavk^paataXA arais. Il^ e limvm in the fmsltae arais, 
hovavar* did aot aiasr affaei of Hia ptiote|>«fi9d». vaa m 
diffamiea i» ttie »oii-i<«d»«dng mper oost^ts of maeiisitilaa and raaiatfiit 
Tha ttof^raduedng mga? amtanta mt^ no tad to be Mi^er iMi 
Intazv-puaMla gtmm mdar m^ HD mA ia tha puatoda araaa tmdas> 
as 09nipartd with thu oostmllad plonts. 
Ia 14ja c«aa of raa le t« t varlatiaa, tha iaocRllfttad plait® a d 
not ahow mr ais»ifie«it variatLoa in ncm-Mdaoing sugar e^ntanta, «s 
eoqjarad ta ttia aaatrol pXanta> axeapttng in tha eaaa of K?(ItR)9 (r) 
nndar vhara aoaia »«Hrad ineraaaa van raoordi^« 
Iti* fi^ySMg siifif «oiit«ttt» s^f tlit 
If tm <iKHi<lltiieffit»* 
S(tag« 10 tSim shorn. 
FIG 9 
N O N - R E D U C I N G SUGAR C O N T E N T S IN L E A V E S OF FOUR V A R I E T I E S 






















S H O R T DAY N O R M A L DAY 
N P 21 (S) 
LONG DAY 
MOHABA LOCAL (S) 
fn 
I I I P R E - I N O C U L A T I O N STAGC 
C O N T R O L 
I N T E R - P U S T U L E A R E A S 
P U S T U L E A R E A S 
R E S I S T A N T VAR I ETY 
=) 
( S ) SUSCEPT IBLE VAR IETY 





3 Q LU C  













N P ( R R ) 9 ( r ) 
N P (RR) 45 ( r) 
eo 
The notwmdadyag mgur (»iit4»ts v«r« aottd to h«irii l&orftased In 
oia matvQi («6 dayv) in «U th« Ibur v«zleti«s iiad«r idl tht 
tht«« |»hotop«j?lodi» 17,t), 
3L7.S. Soa-ra&i^sg mgma ia ag per graa diy if^iJiti of 
^.tUrmt stag** fvsm mst InoeiaA^oa. 





atftge 3E!Q.90 U.SS 
C C o o t w l 
aroAS 




a . n as.7o 14.18 
C.S. 4ft 5$ F. 
Ibr f&o«a,«tloa twfttawatf 
t 4.6S 
» 4.iS 
• Ugaiwi mr% m t iii<£Luded iB «B«aLyiis of irmrienee 
caid in lOf m^m 
Batik m mggrg also i^inn in 11 of 
Appendix I I . 
TbtttL 
wgam 
A9 la Hi* e»Mi of ft^dJiig and no&-r«3(iQlag fftgaffly tetsl f»iix>s 
iCLao r)»fl«ettd the 4«ert«tlsg trend in mg p«r gtm diy lAdght 9f leaves 
idth tha laeraai* in tINt deylicigtii both in «a8el|»tilt« and rttalatant 
vaviattaa (fig,10 md ZZ), was ao diff^raBea io ttoa totia tafar 
eoatanta of aaaoaptltae md inial«ta»t vaxlatlaa (T s^ta* 18.1). 
la eafa ot iaooaat*d plgata of aaaeaptllfll* vavietlaa» total 
•ugftr eoataata vara aotad to ba la tha iat«iwpuatiil« araa* uadar 
WLgm 10* Bitto®nHR» eboK&ng totiOl sugeir mntint^ of Ittmm 
of wtst Sii9«ttl»t«wi mnmimwUMUd (<»ttt«»lj pl.«ata of 
«Bd r«si»tiiit ef liQVflH^ a an ialXQimeed 
fotflil sugAs* £a l9«f9s «t |>v«*.liu»«va«tlcai 
itaga 1* idt8<» 
FIG. 10. 
TOTAL S U G A R CONTENTS IN L E A V E S OF F O U R V A R I E T I E S 
S H O R T DAY 
SO-
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CO Q: <t o u </l 
<l h-o K 
N O R M A L D A Y 
NP 21 s^) 
LONG D A Y 
MOHABA LOCAL (S) 
N P ( R R ) 9 ( r ) 
NP (RR)45 ( r) 
R I ~ | P R E - I N O C U L A T I O N STAGE G 
C O N T R O L TS 
I N T E R - P U S T U L E A R E A S I G 
P U S T U L E A R E A S 
R E S I S T A N T V A R I E T Y 
( S ) S U S C E P T I B L E VAR IETY 
( r ) R E S I S T A N T 
01 
SD and ISD, ybii* tD toti^ iugitrt vmf talniaott in th«»* Rr««». 
«» r«giyd0 r«id«t«at T«ri«tlf»> inofixdLstAd pl«ata iiiow«d atidsnai 
total, ) meat aa4<rr all th»« photopeflods ia of (r) 
«nd uadtr £<D cmdy in OHM of 
1 8 « » g « r » in Rf p^r gripi <it7 of 3.««v«8 
«a i«iittie<i«d wder phdte^wjfidds. 
(Ife^ fl0ir«« ««> th« isogo of e o1?«*pv«tloii») 
i ^ r t 
1 d«r 









HP SI {•) 
Mohftbi tocA (»5 S6.8B Id.dO 
ir) 17.17 
(r) 42.87 S4.07 S1.S8 
^Itli liicir«iS» ifi tb« A«f Itngtht dftoratiilbsig in 
to t i l i(ii«r <j»at«Bii8 Vftft ftirtisier in th« l^gvet at tl^ ® piriiilJiocxi^  
1 »tioa «t the etsgse of met in i^t miatitnl pl«)t8 
iinai la tmm of god ia ifit«fv^u»tal« 8X««f« 
iiQi ^ft «g« of |>l«Bts Ineroiiiet i te t o t ^ smgar 
ts&nimtn of th« l««r«8. Ibr intfeicioof total o(mt«ita in 2? dggr* old 
pl«iit8 (pr»»inoaEO,»tlon ptage) mm !KJ»8Jit 17.f? «EM3 1S.T8 i4Jil« in 
46 days old plants (fsontwl) th«/ mv* ISI.7S ^d S4»77 
undor SO, HD end tl^ (ifclao 18.E). 
0«ta on totaH Ksgmr* iiro idiio tfi-vm in fii)t« IS of 
Api»«iidlx I I . 
69 
Tata^ 1 6 . T o t i a mstOf* in mg p«r grwa aiy ynii^t of 
• t diff^rant •t«g«« f ^ ra«t iiKxsG&fttilon* 
Clb« fiiSarat sstm of 6 o^t tmiiont) 
j I i ! 
Pjpt-loooHstlon 
»ttg« ®.S8 1T.77 i S . n a . 84 
C eoBtfoi 60,1^ se.Ts m,m 
Sttst ( 
ipptar^ef ( Sat«iw^tt©tul» 
itagt ( efr««e SS.O& 46*70 
i ?«stul« 44,85» S9.40* S4.7S* 
Mam fS.74 80,78 
S.t), ot SI 
Ibr Plio1»|>«rloi®.« sei»s t 4.80 
For lnociiAatl^ ^•ntiieiEit aeaiaa t 4.80 
* fkgif* msm m% ta liba 
of iraxiaaoa ao^ In effaots, 
Baia olftilnaS for stariib in ng p«r e^m itrr weis^t of «r« 
in«0tr«tad to n g . XI« 
I& tha «as« of it V9» obaaz-radi tit^et RD ^owed maxiisais 
•tareh at }3»*lnoGUifttioB stage In iOLl four imsietiaa ^ o h vas i3.ao 
raflaotadi la tha affeoUt gl-ran ia faiSta I t . l . In inoeOlataai plisRta 
o f miaetpUl^a variatles, psntixH^^ araas of tHia Xagvaa ihoved aora 
»i«r«|} tliwn tha iataxwftuataila araa«* In tb« eata of laoiMlated pli&ta 
of retlat«fi»t Tsriatlaay a daeraaaa in stard) ooniant notad aeffitparad 
to tha oorrai|»oJidinf control planta. Hia affkot of aging of planta vat 
/ 
fiot raHaetad in tha atardti eontanta of tha laa^aa. Mora atarda mnimt 
waa obaarrad in oootrol pla&ta of raalattfat T«ylatiai aa ao^tarad ta Ihoaa 
of aaaoaptiVLa varlatlaa undar ell tha thraa piMtoparioia axeapi un4ar 
tD in 8F(RR)» (y). 
f!l.gf 11» tistofnaat fiho^f «it«r<ii mmtmt of of vust 
txiofinlcte^i aad noiwinecBOlmtM (esntTol) j^fsot* of 
md iresiatast vasiiitiiw of llJii««ff e» 
^f lummd tjgr tw photopssiodilo 
St»ri& coateat in ttie Itavea at pr9,iBK>aia.«tioa stagt 
FIG. II. 
S T A R C H C O N T E N T IN L E A V E S OF F O U R V A R I E T I E S 
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N O R M A L DAY 
N P 21 (S ) 
LONG DAY 
M Q H A B A LOCAL ( S ) 
N P ( R R ) 9 I r ) 
NP (R R) 4 5 ( r) 
UJ P R E - I N O C U L A T I O N STAGE Q 
C O N T R O L T 
I N T E R - P U S T U L E A R E A S 
P U S T U L E A R E A S 
R E S I S T A N T V A R I E T Y 
=> (J 
( S ) S U S C E P T I B L E V A R I E T Y 
( r ) R E S I S T A N T 
es 
f«la« 119.1. $t«rdt la ng ptr c m drjr weight of X«flArc» 








• ^ m w r m Q i 
1 Long 1 
i <3iy { 
Hi 
Ham 
»p n US. 40 isa.eo 126. Sf 1359.86 
Kohabe Local (a) 109,80 118.77 11 MO 11S,69 
(?) 1S7.8U 176,87 87.48 lao.M 
HP(RR)45 Cr) 156.98 162.87 14S.g7 itfr.os 
121.62 117.09 
0»tifil«d diftts tm reportM im ?sig,<» IS in Ij^ jiwdi* I I , 
c» OToiBs ON stocsiKicii, li^as 0? mmm 
This »iketl4»i daidLs ^ISi tlie ?»aiatti m isispies-fftTQsddate 
snd polyphanoXostidai®, tattk ph«aol«, totifl. prottlB® «dl to%«a. aaino 
«eld eontcDts of th« li9«7e». 
Ptjpomldtt* Stttdl«» oa th« p«to3a»dit« »eti*lty eoiMSttettd to 
th« «ff«ct of pl»1iop«rlo<Jio trMta«t« on li»a»«dl Tirittlos lo r^atioa to 
«m»cn>tlbill1iy or r«tl«t«nc» to th» iti»t Hitl««B«ogii l lni r«e« 
Eitiaatloa of tii« iniyBt activity >m8 <ion« in tht of i»o«ol«t«d 
and oamparalitLe eoatrod pl«ats. Th« leaf Biiq»X«8 ««r« («H«et«a at tiit 
ftjllotflng »t«g«i (T«ia.« »). 
1. Prior to iDoentlaticm (pro-lnoolljitioa stag* s««dlla|a 
vara 80 da/a old), 
a. 0tb di^ ataga (9th day froa inoeuaLatlon), 
8. 17th dty attga (17th day tmm InoflHlatloa), 
mi» Histogrieaa shotdng p^tlxopmiB units) 
i» tikt of vaat tmd nocb'^ iaoeolatiNl 
l^imts of sttO^tliaft md tmiB%mi( of a t 




^ 20 < 
li-O 
h-X w UlI $ 
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FLG . 12. 
P E R O X I D A S E A C T I V I T Y IN L E A V E S OF FOUR V A R I E T I E S . 
N O R M A L D A Y L O N G DAY 
N P 21 (s ) 
25 
20 




























MOHABA LOCAL ( s ) 
NP (RR) 9 ( r] 
-n NPIRR)45 U ) 
m P R E - I N O C U L A T I O N STAGE 
C O N T R O L IGTH QAY 
I NOCULATED J 
C O N T R O L L | 7 , H D A Y 
I N O C U L A T E D J S T A G E 
( s ) S U S C E P T I B L E V A R I E T Y 
( r ) R E S I S T A N T >> 
64 
tlitt p7«8«atftUon at th« d»iit oHid&«d 
OS pevo3da«st iietlifiligr in %mm» af imsptiiKigiillia itniit per hour i>«r grjei 
iiiii^t of iesres. 
Aoiivlty itnMi •«»«& to hn i&i»irttt«id isadtf in th« 
of mH v«ri«U«it dLl sitgts nid the <!lfftj?«ie«« 
«0 mi^tred in> ^iNi 6ipifi«!«&t at in MohsAitt 
<»)| <r) m^ (y) ir«ifltti«8 nt ttli a«y end Iftte 
dny ot«®e« ill ll?{im54S <r)« I»oy««ii©d petanddaat jBettiJltir «&ditr 
aXao evldcsit fiO^ Xe 
fsia* Fetoaidane sotlidty la pttstjmfttpaiia tmit« |»«ir femr 
pftj? fsreifa lm«9m s« mder tm 
plistopiiiriode, 
ftfe* KPe th« mam of » ol«ifjpra11ott») 
fajpiety \ 1 Tf«»1iaeat 
t 
"f 






m n (8) mi 
iBoeWlttfd 0,094 





C.U, at 5Sf p. 
Ibr tpeataant sc ?i5ot<^#3rlad liit«rtetlont S«058S 
Sl^ifloffitly WLiJiW pefttjddawi •otiHty w»« ob»»rwid to rsidttiait 
vi»il«tL«s tihMm In nao«lso<saft«a ontrol pXimtt v w 
eo»p«r«d, fhla »lgnlllei»tay h l ^ «etitity In (t»if of iwitistiiBt y«rt»ti«8 
100 
vii« «t lai th« sttigtt« (ng^XS). oonpared lAth tii«lr mtrmaponMng 
eontxolft* th« pXtatw lAiOKNid iA^^r p«roxl<l«t« toUvltgr nadtr S1> 
• t dur iiiitl« ibowd ft tmd«r W »t th* stags. 
At i7tls a t r *tai«» ths iao«a«t«iS pleaU of lO}. 12itt yiirifttl«i 
flItoiMd ifiertws* in t!i« ^ l o i d ^ M netivitsr imd«r k>th th* pbotoptxlodfy 
•xo«pt Ymdvr U) la th* oat* of HofatbA tociiL («). inortits* i s th« ftg* 
of pl«nt» vm diao fblXoiwd Mi iaamtte in tit* neti^Edtj 
of lmgn» in mx tb« v«rl«tlM (Stmt 
?iii%fl« P«]ro3ddae» aetivlty (in putpuingiBLliii units) 
p»r pey m fwifc at MfT^rmt 
•tAg«9 tim VBat liuiQUiftliAa. 
(1}i« «!!« m»m of 6 
^ j dny I fr^mtamt j ^ ^ I ^ ^ i 
m n C») Contwa 8.476 7 .^7 
Ino6Bl«t«d &,m 8,006 X0.7S8 
Ctmtrol 6.140 s.oor 9.178 
Hobtbft toeiil<*) Inoculatftd e.X40 7,698 9.0s? 
(r) 
Gontxol XI.860 X4.781 16.9®! 
Inoaulat«d xi.eso X6.708 !gi.»oe 
CbntxoX X4.a7 19.Xe8 2S.22S 
SF(RR)45 iv) X4.aT £9.424 
itt S|E IP, 
ifer JtwHtmmt x ^tagt int«raotl(m 1 
Sfttii oa p»io3ild«t« ir* Aio wport«d la fam® 14 of I I , 
PoX7pti«tu^oxtd«f« aotl-vity An d«t«m&n«l to •tx&f 
loxldiaM 
d&aogts bmui^t In msoiptlblo md roslatMit Tftrlotlto Ijj rant lme»CL«tlen 
nndor HP wd U). 1!h« l«tf m f MXl«ot«d, twaiing th« aetlidty 
of tliio mtTmo* in tho vijr d*»erlb*d fbr poxoxiditio* 
HS. IS. HiKtognoBS po2.9|dt«s^oaddtft«« ftotl^^ (in viavtM) 
in XMv«ft of zttit iBQcnlAttd and B9B«tttQ0aittt«(i <o»atiK^) 
pliiBt* of Sttacti|»til3.« of Ilnaood at 
Bib ^ md day Mt&m fvom lno<iKilAtioa| un^^^ t«> i^topoxiods. 
i i eOLso ^ l A , 
F I G 13 , 
POLYPHENOL O X I D A S E ACTIV ITY IN L E A V E S OF FOUR V A R I E T I E S 
N O R M A L DAY LONG DAY 
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N P 21 (s ) 
MOHABA LOCAL ( s ) 
NP ( R R ) 9 ( r ) 
NP ( R R ) 4 5 U ) 
tn P R E - I N O C U L A T I O N STAGE 
CONTROL I g t h D A Y 
INOCULATED J STAGE 
C O N T R O L l i r t h D A Y 
INOCULATEDJSTAGE 
( S ) SUSCEPT IBLE VAR IETY 
( r ) R E S I S T A N T >) 
ee 
dfttn 49iiiir«Rna^efdX]r ripr«««at«d la lner*as«d 
poly|>h«iaol03ii<l»«# •©tmty IS la «o»captiltL« 
•cirietl#« at prtwiooeulatS^a 0t»ge« fb* Inervnt* va* algalfiaBit in ee«« 
of VP a («) Hi^ CHR)45 (w), n ^ ^ 4«r I7th 4iar stftg»» aoiBilidv* 
th« eeUvlty slgDifloiintly duoip^ ed in contafol plimtt of IsoVk •useisptiia* 
veiPi«ttef as csm t^^ md to oorreapondiAg 0tag«« tiiid«sie' wa» 
«tt«i {br reslfitKnt yailetlta on Bt^ etnge in 
eefft of (r)« Oa fvm inoe^atioa <»Bti:«l pl«i t t 
of r«si»tiiit vaipietits gavf mm, aetivlti' iin4«r LD iiiid«r iMdb 
viif «l®ilflctnt ia esse of (r) . 
la tisa |>oX3|>h«ooloxia»»» neUintgr of {»at«»l i^sats 
was noted to b® laaa under ^ m mday SB (tifela t^ . l ) . 
Taia« Pol3?phmolo5iii«®e aetiidty (itt t«M«c of O.Q. v«0Ltiee) 
a« «ad#3f tm i^lsbtopefiods, 














MP a (a) 
ContfOl o,m o . m 
iBoosdlati^ O.SOB O.S60 
Control o . ao 0.S4I. 
Mohsba XfOeat lmmlti!t»d o.aai 0.845 
Contnol 0.464 O.i&L 
ir) Ino«Ka.atad o . m 0.871 
CbntfoX 0 . ^0 o.<as 0.447 
KP{im)4S InoeUlatad o . m 0,858 0.809 
A oaaparttoA of th* osntral pXii3ita» at i l l Hxa atafaa la 1»th 
tha pbotofsorioda, tilu>i»d mora pol^phwoloxldaaa aetlvltgr in raalatiot 
thida in au9e«|jtL%la varlatlaa. Hain aff^iots in Talaa Aao ifeowtd 
67 
• Icpi f io ia^/ aatlirltgr in r«id»tsiit f^ idll tb« aitatftt 
ftt pr9>liaocii£l«ftl<»n ttago Ic KF(HR)45 in ea«* th« lfier«««» In 
gcUrltgr <lld not toad* of ttgaiflegBtcn. 
Bast inf«oted plgata linger BO cDiq^ ftr^ d ^ t h Htcdr 
^oiMa sieiiflcifit 4«or««et in iicUfltar at lioth 9th m& 
17'Wa day stngea In e«8«t of all fetty varitUes* Iiaf«et<sd plants of 
aoirr«ii|)otiddfig aiagts imdftv W iSL^ ittoresise la 
aotl 'd.tj fl« to oontinoXs id tlx tJie «iEefeptioii of A (s) 
^nd RPCRR)® Cr) «t Incriias® in aeUvlty in tfeow tn» 
ir«Tlfltles wai at«tl»Uciaiy mr^iAffAtitsmt^ 
I t w«0 iHeo asoto^ t3iftt m iAoroata in th« of tlie pX«ats ym 
followid by inar««8e Iti i t^ of poi3f|>!ieBolo3dLd«8« asepso 
CTsteLt a . 2 ) , 
f«liL« Sl.E. ootivity (in t«iss of vslue*) 
• t dHLfferent ei«ftti fraa met icocUlttioB. 
















Mohtba Looil («) 
OontTcil 
Xnoeulat«d 


















C.B. ftt 55? p. 
Fbr tr«Rt»«iit x atafl intorftOtLoa t 0.06S 
68 
Out* on {toIyphiKMlffiKidttMi sotitfitf «r« iloo r^^artcd i s 
fftia* 16 0 t tppm^x I I . 
PlMoedL fotv t»t«l phcaoola Ivtf tfliaplfis mt% ooll«et4id ta tli« vay 
eemtint 
i8 eafi» of p«¥O3iidl«0« imtytt*. Evsuilts t1t>t<dn«$ (illnctoiitikl in tbi* 
7ig*14} tlsoiit^ m inerttiiidiig t m ^ w ot totftl pbsRoliet tmitr tB 
eov^tvvd to W ia east of «»&tn»l pXe^ti la eU «t 
•11 «tfig«i «]re^t s i pM>isoe«^etl,<»n lietdi dvy ^ttgt i» oea« of 
{r)« lh«8« ^fff tmiedt wjr* imtiiai to ststtstiQiiiy lAipdAemt 
ottly in of m <s)» nHm)9 c?) tna HF(fm)i5 (r) d«r 
7hl« tswd we Ib IS .^l* 
fniat totaa. phenailff (i« jslcrtgirsia) per fr«i flwds 
itftiva ts iailttfiiieed iiadtr photqp«tii»<!S8. 
(ftitt l ip r** ttra tisift »«iia of 9 o'!>ii«rviitlonfi) 
— 1 1 1 
Vati ty I I I ^ ^ I 




Ooittzol o^m Q.m 0.S6X 
XtiO(Wl«t«<! 0.TS7 0.788 0.7SO 
Geaiixa 0.SS6 0.686 0.6 88 
0.6S0 0.TS7 
(hntrvH O.TSS 0.670 0.706 
0.787 0.664 0.606 
OatttvoX 0.712 0.688 0.775 
Xaaeiaited 0.650 0.7X6 0.784 
C.O. «t S* P. 
Tr«tta«Qt » 0.068 
Tr«itaitnt x Pbetop«Tlod 
Intmraotion • 0.089 
RftfistiiQit ••rl«ti«s i ^ w d flignlflttiptljr mrm totdL ph«DoX 
oonittitt tinm iuseaptlliilo ohm si pr<»»liioaGattioa at«ft tmdl»r both 
f ig , HlBtogmas sho^Sjas; tot«a pkm^X ocmteatB (1» jolcrogram) 
in the Xeftves of m»t ieocxCtatttd md Aoiwinoeulatttd 
(control) plants of su^eeptitie a»cl m l a t s a t *a3!l«ti«s 
of linsesd ftt dM7 17tb dsf ttUg^ i tm imaHAUon 
imder tw i^iop&Tia^r 
fotaH phmA Q(»at«its of &t Xmvm at 
F 1 G. 14 • 
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NORMAL DAY LONG DAY 
N P 21 (S ) 
MOHABA LOCAL (S ) 
N P (RR) 9 (r ) 
NP(RR)45 N ^ ' ' 
CP P R E - I N O C U L A T I O N STAGE 
C O N T R O L -) 9TH DAY 
I N O C U L A T E D J S T A G E 
CONTROL LL7THDAY 
INOCULATED^ STAGE 
(S ) SUSCEPT IBLE VAR I ETY 
(R) R E S I S T A N T 
and W* Kor* phmolie oon tints In th« X<ittV«i of ooBtml pi tats of i^stat(«it 
«8 fionpaiHiiS to thoM of •adoi^tll^a.e Ygei«tl«» \mvm mtod oa 
Otb iPd I7t}i fltiget vitii ft f«v oxotptloiis vis. on 17th SD 
ftnd 9th ttedftr in oaie of NP(BR)B (p) md tm t?th dagr tmdftr LD In eas» 
of hK»R)45 (r) . 
Eu«t isodHstion emiSAd incamaee itet ph«noIi« mnttnts of l«afir«t 
in tutcMi^ UISLe m^ X'«ed#t«nt v«idttii«« on I7th dftjr t t m 
fhe ln<»niste vii9 i»it«d to bo etatlstiecaiy id.s»ifiei»t in «««• of 
V'aiieMcs both mdmt m mA tQ m in of 3?6dl«t«nt veriAti** undor 
HO in Hl»(aH)4i (if) md tindw W in mim)9 {t), Infoetlon egtt»»d mvm 
inoroiM^o of |ih«iolio« \mdor RD uondor 
Z,«av*« of Inoeolatad «ad «>»tn»l piintt of iiieoi^UI:a« varietl*9 
did m% flAioif m j iHHaaxtttdLo dlfformee in t h d r p h y t i c eoatmts at 
dajr stAfv* 
Th® osiQtml pl«atB of «i8«i5ptiia.« iraapiotlo® ithoi^a m lnor««fe 
In |»h«nolie oontsnts ^ t t i tlio in th« itg* of tli« pi«tite» 
fhlo t3P«nd WB« not tmm in ®t»e of r«il»ti»t vexi«tie« (faiat 
Total phanol* Ci» ie^ofogfrn) per s^m 
»t different f t i f sa fw® i?uet 






! Pro- 1 
knoculation | 
1 \ 





Control 0.7B8 0.6E4 


























C.S* at SK p. Ito trottaent x »tagt intorseUon » 0.XQ9 
70 
uni Ato glv«n to t«ta.« 16 of jlpp«at!l3C n . 
Pm»t«lii Iftftf iMS l^** «oXti>6t«d tav ««tliii«ti<>a of p!t«nolf var* also 
conlMoto 
utUisod Ibr pxotola ««tlisfttioc. s««tt fJnHft tho ne.lS» 
li tondiKiejr of dcor««t« la tot«IL |pit»t«lo oo&tmtt md«r U) m% pi7e*ijBoa£latio& 
fttiif* itt flUl tht fbur irArletl«8» a Hi* pmtnin f»&t«ntt of 1i!t« 
loftvos XD «la9 itot<^ oi 9t3i tnd injr ittgot In onto of 
oemtx^ plai&to of mooe^tiiao taodotlos. 
A d«ar«8«e in tho mtga tots^ pxot«l& eontiiiio jm mg pw grim 
fr«i^ of le«7oa osdior W slao bo oom la oostxel i^iats of 
a l l tJit vaxlottoa oxo^t 1» (r) . Hi© dlff#y«ieo wm •igplJ^ctfit 
i a 8F n {«) oBily {i»ia« 28.1). 
7«tao £S,1. to tea |}»>t«l»8 (in siig) por $tm froi^ loavoo 
InliuoQotd ixador tvo p^tq^ortodo, 
(fbo ftenros art tho of 9 obnervaUodo) 





i day 1 Moan I 
m a 
€oiit«a 18.996 i B . m 16.60S 
Inoeolated IS.^T 17.418 
CotitxoX 19. m 1@.S06 
Kobabtt !<oo«tL (a) Xnooalatad 17.197 19.984 16.690 
Coatsta 16,076 17.079 
KP(RR)9 ir) Inoculfttod le.sf? 
Ooatxol 16«200 16.076 17.1 J» 
HP (as) 48 ir) Xno (Seated 18,B84 17.792 16.06S 
C.0. at Sl^  f&v froatn^at x Fbotapefiod intoraotlon i 
Cbntral pltfita ihovad loaa total protola Qi>ttt«nta in roaiatant 
aa ooiqparad to ^ a a of ntseaptibla ir«riatlea tindor SB vhlla tha trmd 
itndar W vaa sot ynrj oaeh aiaxki^. 
f ig , Hi»t9frs88» flhoidng toWl pra t^eila mntm%» (in m) ta Itaw® 
of 7cm% iia£wSje»»<!udLfttds3 ioi»i%«DsI) ^m^ af 
resintast mvitttlts of 9th 
fsi4 tb day «taf» fxm In9<i^atl9& m<&m 
1i»ti(L pf^tids omtmiM (»f t^iiir^* ftt pm^impsx&xim 
•tftge i s ^ m * 
FIG.15. 
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N O R M A L DAY LONG DAY 
NP 21 ( s ) 
MOHABA LOCAL(S) n 
NP (RR)9 (r ) _ 
N P ( R R ) 4 5 ( r' 
I f I P R E - I N O C U L A T I O N STAGE 
C O N T R O L 1 9 TH DAY 
I N O C U L A T E O J S T A G E 
CONTROL LL7»HDAY 
I N O C U L A T E D / 
(S ) S U S C E P T I B L E VARIETY 
( r ) R E S I S T A N T w 
n 
East ptmU oa dth aft*? imoolttioo tiiia«r ITD 
•hotttd • <91«(»ni«m Su Ifi aU J ^ r irtfitlSiM (ikoo* 
•ipif&eiAi in e«m of r«^«t«it v«xl«U«9 • irjE>(BE)8 and BF{BE)48) «• 
«98tn>t pX«al«* If iSigrs of looajLtttoHi ihrn 
tli« xuiit Mlj r ia»id4Mr H&t « in pvntiKlJt m&imiM 
notvdi in of Qf iatoi|}tllSL» %ii«»i8» eiEi 
in of i«iil!»tifit vBri*ti«t» fui ma^mt^ idtit tlicir mntreflB* 
TinSwr W, iisy»<!i£L«t«d plaat* of ti&th tmi^eiptlia* igtd 
inoTAttSttd pmttHm «t »t«f«» !•«• dtin tnd 17lli 
Xa g«»«iral» i t vt« obtftrrod tliftt lihe |>fot«iii 
^ffc th« laereas* in *i« of i ^mt t 
tatde toti^ pxetda* (is pw gras frai^ i««vaa 
at ^ff«rfifit atagaa txm feat isooiilatios* 
{thu «pa lh« of 6 o^feimMoiia) 
1 .„,„M.„|,.. 
fariaty Ifraatnaut | I 
J { ataga I 
SF n {») 
Contrail i«.57e sio.eso 






C ^ t v o i ^ . c a i 




Data ara iHao ra|>ortad in tataa I t of tita l|>i>aaaix XI. 
fv* aaiao fba data oMainad foy tet«flL fraa aaieo aeida in micansaal 
aaid 
oontaata par grm f r a * vaia^ of iaavaa ara illuatratad a^agFMMttieiair in n.c.16* 
?2 
1% obs«rT«d t)i«t tli««« v»f • Boii-«d03iflegni^ Isos^BS* in 
th« ttpiino veld mntmf of th« !««••» vaaA«p W at pr».inocul«^on 
eiei$«^ t in NF(lli)S (r) liifti^ th* inoreaist wts stitistLeiilljr 
•Igalfloiot. M ftsfft, flcmtiraX pi«its under W noiv* 
ilgftlfl«iBJt cKMspioPtd wilSb pl«nt« uxid«r 
m mtmpt in e«»« of it) i^felito g«»« «lg»ll!i«fRt tetareai*. 
f u r t ^ r At dair stiftg* ndii-i^igaifietiit la <oati»l. 
I^lioits of «a,l th« veHetle* toeesptlag SF 81 (a) ttoo-iipilliamt 
vis otonsrv^d {e»f. %p«iidix XI t«i1s3.«!> 
In gin«ri3,t ^me m» m ixn$rmm in totiS. m&m add 
0!>nt<mt» of th« leflve* W as ooKpnTced to KD. ySsm m a i ^ l plimts 
of and iNpaistflat mr» reedlsteait irexl^tlds 
g«a«yfl21y ilio%»a mr9 fSTOe-modlm addsi thm •ttsceptUt® 
1^1:01® MJl*. f r te ledao adds (ia mlozoiiol) per prm 
fmah at influmoiid imder t w 
photoptrlods. 










HP a (») 
CoBtrel 19.58 19. S« 19. B5 
lao<»afit«d 22.97 
Mohaba I«oGiiL (•) laoaulated 





OjBtrol 2S.89 • 24.69 24.14 










C.£), i t Si fmv Trtfttoioat uti^a t S.090 
fi$» 10m Bift}®na»0hovtnf t o t d free as^no a»»ttmt0 (in wLev&mlB} 
%n l«aT«s o f m » t inoex^atod sad nos^ iaoaaat i^ (osatffol) 
pltnts of 8aoe^tllbtl<i sad rcsletsat -^arlatle^ of llnsegd at 
fib md i?^ day tttsgo ftm Ijiooidatlon mAvt tm pkdtopvi^iodiA* 
tatA fre« »aim ft€i<i oanlcnta of iii* s i pr«»lii«<Dl«ticm 
9 tag® if ah&m. 
FIG. 16. 
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NORMAL DAY LONG DAY 
N P 21 ( s ) 
MOHABA LOCAL (S ; 
NP (R R) 9 ( r) 
N P (RR) 45 (r 
CE PRE-INOCULATION STAGE 
CONTROL 
INOCULATED 
9 t h DAY 
"STAGE 
CONTROL l|7thDAY 
INOCULATED J STAGE 
tS) SUSCEPTIBLE VARIETY 
(r) RESISTANT >' 
n 
Buat iaocKa«tlon invgrlAiaisr gtcv t f mdm Sm 
8tt«eipti1&« Y«xltti«» f t hoiSi 9t|i md X7th Any vtsge* iiiid«r HB «» v ^ 
•• LD, Tl)« «ff«et of ino0:^iitti»ai <in iner»at«<& mdm •d.dt vst dlpiiflefdii 
una«r 99 fit 9th day etngt Ibnt im fh« oorrBfExm^g 
•tag* imd«r tS. 7flia« Sttn-aifialfiQfiat ia of 
inc»(!m«t«d pl(«at8» t t mtapftfwl mt i r eontjcolf mdttr ID 
uhUm tt 8lBlX«]' ccm^Mriaon H0 iboiiwd flieEdli<t«st inerffnt^e. 
the iner«i8« in of tli0 ooBtzoiX p^imta Mlowed Isr a 
f»ill in f i w «8li» icAd centcita of t!»» leirtr««» Hi® diffewBiiiwssiiaro 
•l|:alfief$at IJI IS dtisfs old plimti «» maptani^ to 89 diir* old plaiits 
(f«m® 84.25, 
fiilia* mim sdds (in sdco^ l ) pto" gtm 
ftt diff«r«Qt •teges firm met 





fr^^immt }LTo«lat lo« | 
I mtmasL 1 JL 
17th day 
(hntml 10. S 
HP a (•) Inooiilated n 89.78 
Gsfitvol a . n 10. a 10.48 
Mohaba LoeiOt, (8) XnoeKilatad It as.od 22,19 
(bntrsd S3.8T £2.48 19.06 
(r) XmoHctod n 19,fiS 
Cbatiol ta.n 18.28 
Cr) » n,m ia.44 
d.D, t t sit p. fbr f««t»«nt at «rt«g9 iatsreotiott t 8,62 
Dat* on f?«t mAm Adda ar* ilso r«por%«d i s Tabl* 18 of 
Appandlx I I . 
Fig, 174 Histograms shoidng the effect of linseed rust 
(^I^ampsora l lnl race 14) inocula'tion on growth 
and yield diaract^rs of eusc^title varieties 
\mder Ihree photoperiodic conditions. 
F I G 17 
E F F E C T OF RUST INOCULATION ON D IFFERENT GROWTH 
AND Y IELD CHARACTERS ! M E A N OF TWO SUSCEPT I BLE 
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DAYS FOR INITIATION FLOWER ING DURATION 
OF F L O W E R I N G IN D A Y S 
F L O W E R S 
P E R P L A N T 








OL _nsri'' ngl? 
NUMBER OF C A P S U L E S 
PER P L A N T 
C A P S U L E S W E I G H T 
P E R PLANT 
S E E D S W E I G H T 
P E R P L A N T 
f i« . id, lifttograBti «{ioKiikg tit« •mt i t of tmtfi (ffHiwafarB I M 
tftOfi iai»«sal«tloB sad afl«a.d <4iai»ot«»» tw 
FIG.18 









1 PLANT HEIGHT IN Cm 
2 P L A N T WEIGHT IN Grams 
3 INITIATION OF FLOWERING IN DAYS 
4 DURATION OF FLOWERING IN DAYS 
5 NUMBER OF FLOWERS / PLANT 
6 n u m b e r OF C A P S U L E S / P L A N T 
7 WEIGHT OF C A P S U L E S / P L A N T IN Grams 
8 WEIGHT OF S E E D S / P L A N T IN Grams 
m 
C O N T R O L 
N P 21 (S ) 
MOHABA LOCAL (S ) 
lOOf 
8 0 . 
60 
4 0 • 
?0|-
( S ) S U S C E P T I B L E VARIETY 
Vig* etaovdiig p»v omt iAf«oi«di imvm of 
ipiKlicticA vad«ir ii^otdptiiiodlo oda^tlcmit* 
F I G . 19 
R U S T I N F E C T E D L E A V E S UNDER THREE 





























P H O T O P E R I O D IN HOURS 
o o 
A A 
N P 21 ( s ) 
M O H A B A L O C A L ( s ) 
( S ) S U S C E P T I B L E V A R I E T Y 
( r ) RE S I STANT V A R I E T Y 
( S D ) SHORT DAY 
(ND) N O R M A L DAY 
(LD) LONG DAY 
f l f . S0t On j^lis tiSioidng rsKiudjag ssupr oouttmts Cia aa^  of iSst* 
of isdoilstsd nad ssmo-liiots^atfld fXcffits s i svtft 
stag© xBsd«r librte ^tqpBsiaiJle ceRdltioas* 
FIG.20. 
REDUCING SUGAR CONTENTS IN LEAVES UNDER THREE PHOTOPERIODS 
2 8 . 0 -
2 4 - 0 ^ 
R U S T A P P E A R A N C E S T A G E 
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O o NP 21 ( s ) 
A MOHABA LOCAL ( s I 
• MP (RR) 9 ( r ) 
"A N P ( R R ) 4 5 ( r ) 
( s ) S U S C E P T I B L E VARIETY 
( r ) RESISTANT 
(SD) SHORT DAY 
(ND) NORMAL DAY 
(LD) LONG DAY 

















2 4 (LD) 
f t g . s a . GrejpfcB s h o w i o g non-3?«Sttcing mtgair c s > B t « t s ( l a b | 6 o f m e l e ^ i f t s 
o f i m « ! U l a t a d i i o i i - i a » € t e i a t o d ( e w B t s s a ) p l s n t a a t r m t 
stag® uRdewp Vb^tm phot^exlodle esmdlttotta. 
»oa-E»4uot»g sugar nt »taf<» I t «Lto thow. 
FIG 21 
NON-REDUCING SUGAR CONTENTS IN LEAVES UNDER 
THREE PHOTOPERIODS 
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^ M O H A B A L O C A L ( S ) 
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( S ) S U S C E P T I B L E VAR I ETY 
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(SD) S H O R T DAY 
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PHOTOPERIOD IN H O U R S 
•motifl Of-p ctnft sslBm vn^l 
s'Rpopntl^&ild etJtin 8is%8 
%§m %9 nffitid {xm%mm) 
«*4eai ft^ ti|) Soi^oii t^^^O 
FIG. 22. 
TOTAL SUGAR CONTENTS IN LEAWES UNDER THREE 
PHOTOPERIODS \ 
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NP 21 ( s i o O 
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( r ) RESISTANT 
!SD) SHORT DAY 
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(LD) LONG DAY 
VARIETY 
10-0 


















P H O T O P E R I O D IN H O U R S 
mmmm, 
fbt) rttmHi* t*port»d In hurt* t ^ m thftt gmnth 
tmd <jb«Pii«t«y® of tfe» JR>»3r v»3rleM#s of lia8«*di 
•ijKsifietistl;^ lali«(cn<»Kl pb&tap0:A94i0 trtntaimte* I t wm e a t i ^ 
tkmt IQ trft«it»eiat I^Aftisitd t&i« ll<»v«¥liig i t ib& tim« 
th« of am plmt mnali^rMy* ©f th« pliftt mM 
ad^rw^eS^ iiff«Qt«4l b? on otfeer hfs»d» 
a l^say^d tfe« ll«»weil»g m^ afligljtay «ih«ne«l th« 
In fW!i«ria> i t im» oHttrvAd that iiiftr»«t«rt of fUmim 
iJ^ r tvm t^mmtB, the dfenagw 
in tli« an^hoXogieci diaroetdrt fxw Io#o«tlir ^ dbiiag«« ln<3ueed 
1» tilt pi gut lay pho1»f>«»i<»«!Hl« timgfasfflBti. tf'st®* 
to i^ov lliem «ffte0t«« "tern riport«<3 «sxil«T (C3i«ill8khf«ni Xt37f 
ehistoy j | 19S0» Bor^idi^ Hmdn iL«» 
im^t BiT(M fit ISeSf 1968, 19711 Hkmer l@66i 
Si!^ Y«3it«iTr«, 106if 1970) • 
ffeo «lfittlfle«it «fi|i«»<!it to ha «)»ei<l«r«a ia tho |j3P«s«nt iweislt 
v«s tho conations novdS ikLn» ttfi&g alsottt 
In tho (SiMitst x«irt.«t(Ki0* of th* pliots of IRstii' iriHiotlAt of linmedi^ 
out of ^itt tm mr% m^e^tiM.* mA %m mm 
from tb* gxowt^ laia idhl^ uarft 
l&fluioeod tgr tho photop«iiodllo tr«iata«iit»« no iSLttgrmt <littlnetion 
oottld bo Miidt to ibow that tti« roiAittwit ^rtrloUM 41fftr«d in 12i»lr 
roaponw* ftoa th« MfOi|}tiia« Tati«tl«t vndor notardl ducr o»ii31tiont. 
Mhw tb» p lmt t mv lzK>oal«t*d, gKmgft tho Mi«e«pti%!L« 
T«vi«tiot, NF SI faffor«d aor* dcnoft ttian Moh«!i« l»oea£l (fig«16)« 
Tfi 
the dat«» lon^Wf «a8S*«t«d tJxat mhrnhi r«(L»tiT4S.3r mv» 
•eniltlirt to ph»top«yio<lte tmatsantt thtti NP SI i s t«nit of dimftge due 
to ItoiP instiaac*, p»r dn^sgo to aeed yl«ll4 dtt» to ifiiti imui 
fottttd to be lOOy 3.00 and @7 in oaf* of IP ai 3.00» «»<! In eatt 
of HoUs^i yoeA iiiii<l«r SD, m mA tiD XI.S). This 
Ti$» liiift osQllmeii Isar o^mtiio&fi on i^mt piast weii^t 
and of on i^wdles par ( tal tas 6.2 and 
fho intaoaltsr of tii» xnat was to b« oonalderftttir 
dt«y»»i»a W twatiaeiit i a auwsaptlta® iraidftmo* Clig*6,7 md 19). 
I t ifto, »«Y«rthiilaif> ii^rtjgftt to «x«aifi« w^hether 1ti« taftetion W 
ru»% d«»ig« to pi tut and dsiMge* Sn gmvti aad detntopaiQtid 
diift7«otsrs wra riQleted to tHo Modbfloioid ooaatitoaata of ifea leanrta, 
il n^feor of h^&themi^  ttavo advioead IHat msei^tilillity 
to ^soato in pl«ata (mth «a litoatt jpotato and totNiooo) i t eondlticmed 
the praaonwp or «te««jca of ^ t a l n cdiwdeiO. oanatitttoata (Gas»»t*' 
i t** 1919y IdSQi Rorafitil 1957} fmkm j l il*> 19«Sf To{ai|r«i« 
19«7| Sefelppar » 19S9) • 
Tho cbiadoiO, ilildti haire anilysad la nOLatloa 
to raat Infoetlon and photopaxdodio tMatamta in tha prvacnt uoric* ara 
of throa c«tag>*laa fi*,^ aartehydrataa, p«>t«i»i and phaBolic5(iiidLiiding 
poxoxidafta and polyphanoloaddase antj^aa). At ragarda ear1»h3rdratea» 
tlio datii iraportod hara ^ v ihnA s e e i n g aa i^s daoransod algal fteantly 
iiitli tho langtbanl&g of tha photopaxiodio traatainto ifig^W)* Tbe 
TartatdL dlffarancaa* howavar, o«ad not ba r«(Lat«d to maiatane* of tha 
planta. TMa ladleataa that linaaod roat mtf m% ba a.at«lfL«d a» a 
high tttgav diiaasot Hor»fi£Ll and Dl«osd (1987) have ahayt i s oa»e 
w 
of iA)«et vuci, At ^ e ti»«» i t i t ii^ ^oiPtfKit to iQO%l«ft 12itit th* 
lnt«nfitgr of xuft iaf«oti<m tftems^d with « <l«0r««i» tn l«t«(L of 
rodueittt « psftiesOLsr lUKlfft dlff«««iii ph0%3p«eioclt 
migia* i» Os^ mH the twad as 
Bbom th« irodadiig smg»rB (Ftg.Sl). laalyii* <»f wter^ |jhoi«libth»t 
f t aiff«t«a1ii.iilly <llff«f«a% pbatttpmAoUe tmttimmta, Mmmmr, 
so <B9Q«lat«at trmd !>• iNilfltet tlio pli^topexlodt or vast JUnfoetloa, 
Bestati msi^rMng gMlr^s iadteitto lih«t 1tt«r« 
ao irfi«l«tRl tiLffeinmeot tliieit oonas to th» dmtots® r««lttipst -
of laso host* Hovmmrt d^oronaod ^ e txmtmtB, Uto 
tmiBo adds* oa th« otiiti* hm^g (trnwud « r«v«x*«« tir«D<l <ll.f«I0). 
flift oa totfliL phteols aluav 111* i^id^ttipt ir«zi«tl*a hud 
oantiat thsa sascwptitlo v«rteM«i iiasSof HD« Uhin tlio pletott 
wore lio tD^ ttie mntoiit inoroitsi^ in Iboth iiteei|;til£L# as 
«« roedftiaet vgrioties* Bownrer, i t ? ifi tho miriftties 
vnt loiinHr ixT«%«otiw of tb^ f«e% libiothor iKboy mr* m i w W or LO* 
Frott tli«»« iNisadts i s m tnaiention thut pl)«Rols mey hB i d ^ 
tbo ruBt rtidBtmm in lii39«odi* 
fhn poxoal^ito pol9|}h«B9loxt4»e« a e t l i l ^ toMod to Ao«r that 
iaeroftttd tJio gotlirity^ of thooo oiddntioii tffitiist tB 1>om faoeflptliae 
»• wdLl •« T»ri«tio», Ifo^nm^r, i t inn mtimd mxBeepUU* 
T«ri«tios AqwsA lovsr aoUvitsr of thow wiijwsa, «• to roiti taat 
vtriotioof ia t»tb tiia pheto|>oviod«. 
Th« dmdeiQL oonttltamts of l^t l«if em !>• ooa«id«r*d eitbor 
to inhiWlt or to pramU tbo erowth of llio ptthogiB» tmot i t io siao to 
•»t«r th« hoit pl«at, Houo'vor^  • iRUiib«r of faetort mtgr pmvmt ib* ptttbogm 
77 
frm mterlfif th« hott, tut one* tti* infiiettoti li«« tdliaB ptfie«« Hat grow^ 
of liii* p f t ^ g w d«{><Dd« oa inttxnid «aHf9»»«at of tii« |.««if« Xt ba9 
b«f» lAtQW •eTiler fliyiileiai fAotora do pltgr m lii|»or%«Qt ia 
th« iufvetUm of zuot in XlaMsd pXmt* (TeUuft* IdSSi Soloi^  t ^ 
iiaiii in llatseed pXisit i s tb« «h«aieaL <s>tt«tita«it8 
In mf e<a«tt«<i wltJi fiSm dit»«ihs 
Bf vxixieiag the plm%9 diff«r«»at Aey Itegth wiulitione* i t 
i« ol»«rv«<l liifti lirviil of <!i««{ige iufAetioB de^reiisffs 
Amg iuf t r eoateata, imder W iHgAB, 20, ^ «i<i 
ULlMmi^  til® of aagart in fyur Taxittlts ^ s iidt 
tla« i!^tlat«!ict«,as i& «aee<¥>tilil« I t 
to U naattd lAth of infcotian. Xt i i on thi« meemmt 
th« lowtr attgi? ^»t<mtf tfnd to dtcsrvi^* th® <i«gre# of dis«idift l»f«etlo*i. 
I t m«f ht postiH* l&ftt tH* of eontM&tt m«Qr h* itillu«aeliig 
tti« iRi,«aq)ttMIit3r of tlitt filg&t Sa eonMniitioa tdth isdno aeids 
mA |)llt«Bolie«» 
totiS, p]»tei» 
Isut i t ia.Bo to eot ia th« ti^ Mi sMmeic m« mgnrs, 
l^ mM^m pmUiLn, in eomMsiatioa idt^ eugars, tips tb» Btniii pxvttotcrt of 
lafeetitm* 
Tho phtoeOLio mipmaAm^ viticb «r» Imoui to be laltiMtwrr to ill* 
pftthogm* mm to e x^fttioai iidtH the v««i«tig&et of tli« plixitt 
1860jt KttO* » X904| Bobviiigtr I9€7f Koffage* 
1969). XB dftta fTO»mt«t hoftt, i t mssr b* »ot«d litift th* r t i isti&t 
•«riet l«t hiMS pbtnol mntmts thm th* aatotptlbl* on«s. LO 
oonditioBt Aiovtd ft r iM i& tli« pbtnoa. ooBtwts iOLm iftiovwi • 
in <Sis4kst« iBd;,d«oe«» th» r e a d t t obtclaod t&r pexoxid«M mA 
n 
£a4ieiit0 ^ c t pxi^nUm 9t tlt« pheaoilio 
ooiK^ cKmdf vfts to . 
fh» pm$mt mtk iadiefttet tliKt iRig(ir«» mA phemSLle 
c^^ouadi togtther inHumos m^Btmm of XSjutm^ d p lmt to waet* Hie 
dftte lolth ph9tn|>«ilodio wxipeilsiffili* off«r b t t t i r Into m^e of 
l ^ t i* VRvlotis QcMfi«tLttt«Kt« slno^ I f v ^ em ho mgotipYilatliig 
wilnwafliitiiL faelor«« tints ton* h^m |»o«8ill« to inaioatt that th* 
vttttt rcalttiRisa to db«8 itpmd ^ m (sUher the 
di»««eH» prasLbUng <mbtti«ko«a (sut^ md protwiao) or dHooti* 
ItthlMtsnr iutMitiBoos (fNiieii «• iroaata* tm tit# bmAp 
iadie»t« tiagi « ovltLoal bilmoo hstmm ihtm 8i4it«t»Xit«0 aqr bo deoldiiiig 
factor far tho d«gr«« of like Itott plant* miik 
diooo i& t&ls lAboratoi^ o» tdbesi to bmm hB0 idm ^ m 
thmt tb« difttisiM Fttlotiic!f!« ooi&d «ot IM •wslpedi to lin^ ono of llioiM 
etoonioia. mB§ntumt0 MogLy 1970)« Hoti^ vtrD lioiri! 
iB thl i dlrootloa i« oti l l tMi^foa ifer «fTii4«f t t any 4«fiiilt» tm^un^an* 
In this i t bo to tlno offeel of vtaimo 
photppwrioas «ad tiBpwiiturof on « lofffij? »«a'b»i' of r«i4»ti»t iuseopM^ae 
Vftslotiof, a»elt «B. infozvttiim idU ![tirth0r Slliac&diitt Mo<tii«9leoL 
antxix* of tiati irotiotmo* to llsoond jrual. 
mmi 
In thft pfeffnt inv^iittgAtltm* wm. mrxi«& 
to fltudly ttiii «ff^et of ijhotepeilodlo trtataffits on fiotfth gad dirtrAofisBeiital 
ohtrtetvirt md on i^ieit isetabodiin of Ibtar T»ri«tiM of iiniced ($tjteSB 
lui nHfttion ia (mAfSiptllsll.it^ r or retABtmm to l,int«iK! «u«t 
fMaliiiBip»y<| tags 14). Out of ^ e fb\tr imfl«U«» iittd» t\o 
•ttsiwptitiilt (if 'SH «Rd Me^ aba I>oeA) iiad %m wtf* reilstiiat 
mn ooadnotcd in pgt csattirtt in tli« m^tiSL 
veirliioiinMst mil Isi Ute ^iiw iivafft* In fdl tlw etittd, Kuat iso^maittids 
v«i don* ^ m iWMdaixigt mrm ipt^ xoadmstiSlj mti tamt^ old. 
plants y»r» tm eo»tfol« §»t «a.l f&no' v«ri«4i©» la nillt tb® « e^3flffl«Qtt»# 
In tli« ta^jeiMsit iind«r ng%wPieL mf lmmmt , studies iMTft einied 
omt m til* progrsss md l&tcnaltjr of mat i^ong ^ t b i t s •ff««t on pl«Bt 
h«igbt« i>liat tlmmtitm islti»tiotiv tloiidiylQg laiateif of 
floiwrs, mmtasr at iMdgHt of <iMi|>«a.«s ged (hii^ ^ i^d ptv j^lnat 
ttiidsr S&p 1^0 and U). 
In th« gSLi^ s !»tt«« «aqi>97li86ntSji otMNMcmitionf wert f««»i!>d«d for 
rust d«ir<ilop«i»t «ed Moejb«dedL «sti»«tlons vwr« dem« ^ r sagsrs (ir«d»<9lnc» 
mth-TDMeias gad total) and •tavdi) in tht l«0t«s of tti* s»l«nts ssi^ oMid to 
SD, KD «td 1.9, mA psxoaddaMf pol3F|>b«noloxid«s«, t o t ^ phieols, t o t ^ 
protvlna nd total tt»m mim aelds uadav US tod liD, 
Dallovinc are tK« sallint ftattixas of tb«s« invastlgatlonis 
1* Photq;>aH.odio ^ a t m n t s d.tarad tba sutofptlMlit^ of 
pltnta* 
00 
ittddviKMi »liadLlio»it3L? r«diie«d mAm L.D* 
8* ScuioiptitgLe Ttfitttjr ffP ZL mralMHP of puttsei«t 
thnt other ittse«i>tll^« VMXlftty M4»htb« tmd«r 
iSkm photapexiodlQ ts««ta«ota« 
4. Ozi»iith labtows^  »aissi» dgpuiii 
<lii<i to ni»t tmAor ji) tsSJoSmm 
$* hmtifM of mseep^l^lft lod v«!l<»Ue8 (Sid m% 
la th<dr cagm* <K)iit<»itii, 
^ iiier«ft8« i3x ^m Xmg^ « in 
Qimt«Rt8 of tit* 
?• Stsrtii not show mf i«flnit# txmd in m(iti<m to 
rttit diffejrwt 
3. M mmmHtMon ^t migfitB mA mm notid in m»t 
Ainiiis* 
9, the of noispiiES 
8««n to Iso •l^alfieiptXj in f A u t m t v«il«tl«a 
«« cat!9»ftr«R! to msecptilio ofMe. 
X0« tr«ata«fit liier»«iod the toUidtf of 
in ittse^tiia® mA r«slit«nt 
11* flitt DistM t^LtiLtt "rarifttiet •hotitd phictoi «CHit«nt« 
7«KL»t«at ones irrei^fitoUve of photQ|)Oiriodle trtatnents. 
Both liie md r«tl«t«it Y«rl«tL«e gcve inere«fed 
t o t ^ phfiKQle tS i i eon^ofed to 
IS. aosoiptiiae mustant TurioUeo did m t ahov any 
reittilCfttELe difHermee Sn theUr toted pfotein oastoBte. 
14. the tot«l proteins t«aded to deerest* tinder VO, 
fbr ftttm «9ino edd eontents tleo» suiotpUUe tfid 
reiiatant vetietiee did not Aiow mf reMKtsljLe differenee. 
81 
16« «aiiio •el<l« ihonvd a iOLlglbtt lttei!**ai« tmtftr LO. 
in i t hM b«4ii obitnrwt that to %v9sfMm% tissdtd to 
d«oiw«M tht 3,«viSL of ieut?«tiat«»a tmeta • • md protaiiui 
tihicli a t / p&mriMf l»« mittlditti^ piti«Qt«rB of gmvlh of Hi* 
pfttfiogin« On tlitt hm^ pkitopMdod {LD) to iaoiM««« 
Q F ]HET«L)OIIT«« EAT^ »T TOTIDL FL^D TOT I^ gs&m 
iidiidfci tithiUtosy tor tlt« g^vtibt of th« puracita. 
if«ai]its hum ihoiii aigiailicaatir sof^ pemxitiAae md 
polfphmol^xH^a/f aotiifltjr in of tli« rai^ftrnt vaii t i ias m 
mmpKM^ to tli« aasGepttma variatiaa, W ti«atB«at f b r ^ a r e»!iinoea 
tha aetivity of ^ s a ans^maa. 
If u r n , 
s.» Hmtkm, H. ma Vofutlslp (1988)« On tb« mAdigaitts of ticrdb 
ftoatnaanUon i» t4.tni«s nifiwaaiBf vp^t* In X«f!ire* of t i m 
dii« to sttt^c of 
ObmrvAtidin m ftMPdai «eajWBlAtSoii in U»8a«f tnrztrtmdljag 
PMf^n^l* imM' isn* H* 
tknmm'vm, CltSl)* iff««t of a«yl«oglb on ^yealyfli le i tli# t f l e«v 
l»X|iie IbEtial* * S68»67* 
HlKiif <3.@S8). na-t t loBi^fl of to th* d tv ia .^ 
mmt of xtist iBfeotion 1m Um SiJB* JSfeSlE* 
• C&Migtt iM Koti^Xian of tiltset iaideflHl W 
InfeeUoB *lth povflerjr nUdov. m»v. g . M * 425-85. 
jat«tif P*^* (1953) • Ib^dbiii tleme roiplr f t t l^ . PhytopntlwAogy* 
F.J* (1964} • Flijrtioio^Qd. ttifrtxets of lUngaa di«»iiieii of |>l«iiit«* 
Jiia* £ l j a l P^ypMggr* I* 
m^ SbWf H. (i96S) • A S0t« oa th« •f|t»(rt of xu«t infection 
on pitioxi^lftfl* iaoaftspios in fl«m* SaoaS* M* 
H. (1964) • 8iiL«l;loii of ripSifttiem «nd tmpWBtxan to tli» i|}oxi3(L«tion 
of Jfttwrnstls t«a l» and oth«r ilaagi. Fhytotrnthal^ | | » 664-69. 
Bitxnett, H.I*. (1908). «ff«et8 of i^yvidoxlnft mA Motln on the 
a««a<^mint of tlio .gaa&i^Mlrmi 
Bmvf%, i»(S ^.H. {i9S4)« El«ctToi»hof»otio tfsd oltxomttogrft-
phlo tfiidTf^s of pfotoin ffctx'aots of ili«iit setdUnge. iygs* iStiisS 
fltol. » 102e*S8* 
Bh«ttt«<i)«y7«, F.K. Sh«v» M« (1968)• fbo offtot of ft tft itif«etioii on 
BNJt» RSA tnd pwjt«ln in bu<SL«1 of fchipli Oioat loairse. ,Can>d. J . 
^ t 9CU99. 
Uttm, R.H. (19ie)« StudlM In t te inti*flt«90« of diM«i« m i i t t « c » IX. 
i* ifUfi* M * i> 4a.S9. 
BsUogr, B.t, (1907)* S«tltiMt fliac bow to g«t I t . E*MBil 
anil. Ho. 29* 
11 
an4 FM^er* M.U, FhotopeHoaitt 
In n^t i t ion I>l<»lo0- («<l. A. BolltrndAr) Jt 47SMa,7. 
Sook 09« H«w loxk* ** 
8rlnk«rlk>ft> PnA^yp 3,f. (19S7), of fkmr dajr n l ^ t 
r««i8tiiit md f)it«^t£%(l# strsl&s of i^Imd mtton. PhytopathQiotpr^ 
^littrg I .^ . (1914) • Siatt* oa toii* ruti t in Xi}4i«. mim Macea.* 7A-62. 
Biitl.«r« (11^8) • Iimmll:^ m^ <lia«at« ia MS* 
I I Is^fln Sol* Cbng. I^o.)* ICV-^. 
Cildviilli E«M* m^ • ifjpf^aoiduit l^mstloii m^ 
p«(a«tif«ttoa fey l««f mi l of ilitai, j^ag^^i Mll.glftt ^ 
•toRiiial op«r«tttr», (Afestn) gftgteiflgtoggi 
ClSW), f|i« th«o»y of plant atwilopfflfflat, 
IM' JStS* I I ^ * ^ f I* 
Oii^atfi, 0*1. Hov^e md aif«RS«ii» tdt^ mt^rmee 
to tdtMioeo and toa«to, p^ia. Agf^^. ^aS* Ms* A * 
a%imw$ U94B). Bffcet of ir«niiaisiitloii pba^^rlo^e tr»»iam%w 
OS ippdm la ili««t. jBtiK* 
0hiito7^ » it^m {l«50) • Dottisslaatloii of photo^^msie md 
(|eiot« ^ r Tftgvtativ* poriod of tdtoat. SgoStiL* ElaB$*» 
gl VIS. 
Chinoy, m^ Mmdtt, I f f t e t of ir«m^iB«tioii m4 
photoi>«xio<31o tf««ttt«itt tm tmd of tare^ 
pl«ati.I. r&HmtA Mffermew la downing of ^ w t md He 
mwAmUm vlt^ »pSM(» gmvbh md^r vgr^dng 
md poBt-pl&tO'-inikietS.'n Phirn^ol. 
CblBoy» J.JF* md limd; K,t, Eff*ot of iNooflilLlBfttlon md photo* 
poilodlo tr««ta«ntt on gxouili «jad dovidopatiit of ensp plants.II. 
iTiirlotdL aiffemieo In otca ^oagfttion md tUiortog of liioftt 
md tholr eoiriittloB tdth t »d« irisyiag photo-ladactiw 
md poat |^ot0«lBdtt0tli»« troatamta. Phyatal> SLsBS** 427*9II* 
B» md L«iil» J . A* <1966) • lafluanela dil aatarolf lux y 
Aiwt* da adtrogfiio aa la rapmducdUtfii aaaxail da £6Z$aaMtel 7 
JMtiai KlsBtkltik. l&ufi.* 2SL* 
CrulekihiBk^ I.A.K, (198S). Phytoi3.«lita« to. Roy, . I t m .74 . 
i l l 
•Cxtilfllciliiak^ P«nHL»* C3.$e4)» Fatfsilogieid fbaetion of 
phtnedlie <»|poiitn<li Ifi jilicte. lo J^ itt A ^ i t r r jjX 
M. Aeidmlo Fr«f»» 
03,6 pp9 
ni to t t , T.O. md C.A. (1964)• S«»3,fttioa «i<l id«atillimtioii of 
ia.pliiH>l|)«i»lie flnom • tf^staseil pctftdt 
« iiiau«iie« of %10!A of <llffter«k% fl|)«etri3. 
on ^ of ph«a«(Lle in ^tx^Ut stodLinga le 
r«a«tioa to pl»>t<»aos|»)}OiW9«ltf, ImltoaSss* 
| | t 894-403* 
t^BzlktscHit «r« lU&pia dimftt<« of Agrloatitrd plmts* '^ le&M.* 
ixon Sindiili 13^  LMolmdmr f ^ . liiu*. Loadbit* 
HI* •ffeot of m i t t m tli* phyi^lofigr of Iioft 
Iffttapg* aftaiat^f^ii jyg ^ m t PutliolQgy. fgcte. Rfporta Sfade* 
Ko*66. Atogd.e l^ ofSEf 1906i 
ftrttita, l i y ^ n Bol« of plwaiollo »aspo«a<i« ia 
pQjr^oiogf of pXiiit diteixMi md dimgee rtftAatmm* 
mrm^mh l o s . ^ . 
faxlcM, a,!,,, tn^ h. (19$®). th« nolo of 
mnym XwiiLa ia m^ntim of ffl»t«l>®lilc putttwi la dlii«ts«a 
plmt tiasiMS. fftamgafeor. MSX3MM* 2|» 
fRilcM, GX. StMimem, M.4* • ^ mmimm of (iaaig^a in 
lio«Kapti>» in Iseisk Imvm* infoetM «»titb«m imm 
tBOfid<» ghytonatiialogy. ^ f em^JT, 
Pohranitt, H. md 01*>ttd, A,8. (19«7), fojpojddiiSft «etlt»ity md ghyt^enlfeorn 
reslflt^c© £a diff»y«it ^rgmB of pot«to plmst* 
€9-72. 
Itfo* (XdM). CbfomatogTiplijr AS m iwlbod of attiieic on tiio pxislttii 
of ai«nloA tMitttwi of of sagtr boot* to mi^y top». 
£$Bfi» BiMit todb., | i e07«U. 
f l fo , (X9S6) • in th« a>no«ti^tloii of ndao ««&<!§ la 
l«««Mi of •ttgir btot pldttta affootod outly top. 
i i f £ . isi^. iM* ^ » ^ r - u . 
Fii^or, R.A. md la t t s , F. (1948). 'tho gogulor tr«ii8lbm«tioii of 
poroflDtafo* to dtgro*. Stttlstleia tii13.«t, Putilibod by 
OXlw md Bojd Ltd., I-oitdon, II«d oditloa, p. SO. 
llor» R.B. (I9fi6). th* eenepIoiMntsiT 8«io isrstws ta Has «nd Utex rasU 
M m m M MsSm a* 
lir 
(1919) • nnfrm^amsm tibtr <li« mrt«aaaflLnai;Liebk«it for 
0«tr«idl{>arasea g»giis Bov^Ut** ISSS^* nAtmeiA. Bmrm^tmk^ 
Jj^JMfc- MtiUtiBlS* 
j j i 
Ussunhalf fo«itliifialert«t aretyail«ia«tt«r. giazSflaiMf 
MsSL* MsMxm* m* hm^ H i M f M T l l f t M* 
Qo«9Xi, 6* of lsisff«T8 lisriiii* in «taai«s. 
MidMs M BasaBaser* p 
Hart, H. (1986). Feator «ffe«tlag the dev«lopa«Bt of fla* *tt«t, 
HeiliiUPflor® l l n l (Pare.) tm* ghytopn^ology. | | i 18S-80S. 
Hirt , R. (19SL). md PI^«lologlo •ta(tt«« on «t«» rust 
roflsttflOA la fe^ggtc. M l * * 
K«rt, H, md lbrb«fi» I.L. <1985). ^Vm eff«0t of light on tho inlt l t t lon 
of xttot infootiott* • fhvtQuaatholQgy. 716»S6« 
R«ttry, A.W. (19S8). flax xtirt tfid i t s mntrol. Minn. JjEsS* 
^or«f t i l» J.O. md Plaond, A,E, <19i7) • Istsraetios of tl««tto attfart 
grovCh autiatanoaa and tivma eaaoei^tiMlitj* iff^tyaH^ff 
Pfl,^a«tt Pflanaaemrfrnta. •CLS-iS., 
BariD* C.R, <1924)« KexjplkAogiod. pli^idtAogioia atadiai on 
raalataaoa of «i>oat to FttodLnla f f f j^p l t s i t lo l i Sillcaa and 
K«au iU igclfi. 8B1.«L8, 
Zn»«mt (196S)« Dlaaaa* davilopsant, dlsaaso Intwaltsr md 
e«rl3oh]rdratt l<ma.a i s Tuattd tsa« Ptivtanathologr, 
1J07-11. 
Jaavffilt L.|{. (1068). •CNmaUo nnalTala of roat I w i l t a r ia liaaaad 
iUsm irtilfiMfftoffii Z'*)* U^m MAs* JSl* looi^* 
Jlmanas, H.F. md Minor, O.E. <19«S), I f fae t of l l ^ t on tiw apomlation 
Jo)m«9n« % BtbtA, L«4« {IdSa)« >Hd.«tion of aOoxogwie «<id to 
soeib r«*l«tgno9 in potatoffs*. iS^ JKUB* 
JohniKm* f* mA ietmmn, 0« Studlnf on th« aAtur* of diwcs« 
r9fd»tm«» otfrtfiLfft I I , twtwem •agsr 
mnt«at r««<st£0n to «tm m»t of m^ iniatiUM ti«sa0« 
of tim vbOfti t^af^. Iftf.* 
Jolm«ofi« t . igtd Kotitsia, H. fh% offoet of hi||b t«ig|>ftr«tiir8 on 
ttifftditl ia eoiroA msts. Oittiid.. 
A.B* ana JotwMolf L.H, {X964). I^lDoaeo-reslstiBt 'Tsriotaft* of 
xi{is««d. M t i * S » l i s * i s a l f i i M ' M * 
KslElcar, (1936) • of iljreoXlo acid aetlvtty Sn Hax 
l««irtt infooUd MiLi>«r>K»rj| |tBl, L«ir, Pj^ytoi^fftli^. 
a . , | | t 
PhytoaKthorw i^f»MtmM (Mont.) St mt&m&si'^ 
imdtmteJlng potatl8felti8t«s ro^i tom uoi t la too^et , 
(Invofltig^tton of Bel^ odet Ibr te t t of »§iAstm0e to lat« 
m i ^ t i» potato loiws) i l sM l U I IZSiSl^M 
Kftva^iast in^ fritiBly I . C^MS), Stm» ptvfp0rU*» of 
produowl In potato infoeti^ ^ tijt fot f^p ta . 
am Ml i> 
I tdef t ». (1SS9). laia paf03d<l«a» teat aa a tool ia tiia riJLitloa of 
potato •sriatlaa I'aatBtsnt to lata Itt^^t. Jgai. 
Ihatxi* B«L» <1066) • MataWlte dbsngaa tooufl^t hf &yp»M »oa«Le 
idma infaeUoQ in raaiat«nt md fiuaoBp^taia vaziatias of 
a»^)aa. Thaaia mtnlttad fbr I«A.H«X*» Naw 
£oaaga« T« (1009} • Iba TDXO of phicoXioa In host to iafaotion. 
m* £hX!mM^>» Z* 
Rnihna Raddy, (1987). PhyaioXoflciil atadiaa of Mtmrnmrim ta^tldlRa 
Pratada and ^ eausal ftg«at of X««f IjliiE^t of i&aat* 
Thaaia wtelttad Ibr Ht.S., K^ 
t»aig» l.a Touiin«aw» D. «od Rart, H, (X96X)« aag^r <»nt«it of 
whaat XaaT*« lafoetad with at«i rott, Fl^-y^fftti^^logy. 
Kuc*, J , (X964). PhanoXio oMpomda miA diaanta railatwoa la plaata. 
la ghmtfif M toll joa ^mwt^  .Tm%9 jb^ W f t 
6S»8X« (Bunaaclaa, V.C* Id. I^>tilal Tobaeco Co. MantraiS., p. 
XOS. 
of la vita* iat*et«dl g»pwrl«iti«. 
li 
Lw, «B<K T* (X1960)* Hi eoleilmttile 4«tti»lii«tba 
at oKlDO Add idtti UflHi of a iBl^ f la . MM* Maettwa.^ ^ 
L«on«rdi» (1909) • Faetorf •ffSftetiiif rat«t of stMi m»t inereaM In nixia 
ia.«iktixig» of «ii«eiii)tiia« ind r ts lat int oftt vaxit^Mt, 
Skilllvin* B.B. Mai Htt t i t , K^m (19^)• StiaihTdxr* 
« a«v fttOiMX' i s fro I t resist^on. Plant Ptemdol^^ff. Jgt 0I1-16* 
Xiloki l . e , (108S)« iiolntioa of fmsi 
9tsim Mid-ts nod I t s iipitieaooii Sa r«3,«tloa to tfiotttft srtidfitiiBet 
la 9iaian, g, MS^* £bSB»s I S ^ STS^S* 
l.3rl«iy Ite^NOl* H.O. md Atkinai Eoaot&os of vtaa mat 
gad f t ^ d n i Mtgrura momat in i^mU ghytopfttteloitry. Mt 
(1988)• Irtaf'ittst of i^e t^ obtarra^oaa <a«i Iaa««« 
jiae* j i s* I*JI* MiLii* 
Kftl&tt S«B» (1017)* fh« riSifttism of ioK« xucta to tho fih^^ioloiir of thidr 
tooatt. AgSE* 
MBlna, B.B. Effaot of lanf lu i t (EaSflfcBlS Ertkaa) on 
i^idltf of liiast, Aggj. j ^ . * 
<19iB). (PiQPiioloiie atii^r iiijuvr of viist 
^h^ffislrtw tgltiAna trikm) to raiftatint variaMiia of i ^ a t ) . 
m* 2m» sm* hsmm^* m&* 
Ke Crandr, AJf,, (3iif9>la, 7. mA OiMaa* H.S« (196D)* Datoiv 
•iaatloB of attffah md ic^laaa In wgatiilLaa - i ^ i e a t t o n to pata, 
Sim* 9 m 
Miesjnificl, (1999) • Studloa on IVaa aa&no add ec»i|walttoBa of tolMictoo 
p l « t a lofaetad with plinta vixua x Aeta, Hoi. Coramb. > I t 28-85 
(Abatn In 187» 1961) • 
Mtroeha« (196S). Gontant of tlaauaa of Itmm md 1»aila7 at rtcrtueta^  
IfttamiLa aftar imeUlatioa vlth tha batfi mat md. bailagr sildav 
IOCS (AUty.). 
*4i 
Hlftoc t^i^  ipnd ZtSd.* (196S}* l^uotaationsi in mam% <»f »t«r«3i In 
host plm%w Igr Tapt sttd jdl^ttw ftaagl. fhotop^tifuilogy. 
Mtttpliff H.C. {19Se>, ®ff««t ©f imtt m tb® af oats* 
Hiiti^ Ki IC,E« mA trnmPt P* sts^es on gmv^ gad 
Stmt of MftKtofl' IS* 
I]«l6eii« (I.d44)« A phi3ismm%tiQ «A<pt<itio!i of 13MI s^aoigd tar tlm 
d*t«miti»tl«m of .^ttciswt* gm 
a. i^ di Sn^wmn, J.At on th9 satajni of smfii 
tn IV. Phifiolie oic^oan^* of 19:10 i^ iOflt p lmt . 
SSS*» i* ' ' 
(im) Shttt, C2.9SO)* M i»aoX«e»tio«d.(! la ^ 
Rjecaita of MfloeiBsaca i saSe i . jgii** Ms)$ ts?. 
7* md K«t«i» K, HodtttilaiF^ of @t»Sfiie iis««BO of tobtteeo.XIIC. 
CatiAitfO in tlie X««r«s of plMits* JSifi-
J t e « Jsil* £ffija» j^t (Atjotr. IB BSt sesOfieis), 
Fia, (IfIS). Sffeoi of looiA x«i«t atiidE on igS* M * * 
Piyt, • A of tli« x^ittoA of o t r l i ^ 
Moxpholoi^eiil IbaoUooiiL to zuet mA»%mm 
of Ifeottt vailetieo, Agrlo. J ^ . , Mt 
FttBSe^  md lliiklt«tB«t F.7. (1967)• StatietleiS. tttl^as Ibr agilcKilttf 1*131 
I*c*iu31t.» Movl^ Sktld* 
{wm,)* »«i|ioaie» f ^ ^ w m (Qootid ligr fiorti Fhytenathology. 
If 26), 
/ 
(1881) • H«»«ir«iiot of Retliilty In X««f Ufnuo. 
Fonting, ii^ il ^oidpt, (1948). JUicorHo se&a oaddotion bxo^ng 
in Uvm* txtrtots* JtiESSzasSlltaSS*»1|» 
FraiMia^ Btadlos itt XiAfM^ suet Miljiaggayjt XM 
in inai«» l a a s i 
Fr«iiid«, a. (1994). Hot^araaito ndaUonidsj^t in JUU,. af 
Fridhiga* (X06&). Lov aolo^i&iii' ph«noXt in ploots* 
atv« Phyatoloay. | | i 
l i l i 
siiadl«8 on mim nv/LA of 4i»«iis«d letfTM 
of Ointaa jgirrtftgwf* Mk* I i i i* M* Ss^* 
•RaOf ItdLor^ grm, aad (1919)• Ahwam of «e»« fsrwft 
ansiooadliS* tli« diMfttid lAaVis of mrnlL&m* 
K«ut«a.a» wd l^ij^tti <3.870). of fUd 
ortiaodii^htaoX oxidase to of iiigfti*bt«ftft to Gfy^ j^ HBoyn 
leAf iiiiigB.iiMi^Kyt 
(1910). Bxtraoti of Hidr y«ri«tl«a toile to flm^ {ftb«treet}. 
lUH. (1960. * Pumi^vd USim CmtseA OUdt«d« 
Gottnltt««t Hi!aigr8l»«g«r, Hyd«rab«d, India. 
RobMna^ W.J. iftd Hcrv^^ 4. (2,9€I0). i^d th« dovcilopRiieit of Po«i» 
Eobtlngort E.* IUcli»» l>imd«ir§i«ait> Stfilopf^^ D.I. (2.9$?). Keiebollaa 
of «raQ«tle «H3|!i<!nmd8 in mi xu»t»ifif«0t«d padnaxy Xea^ea 
of I . Stttdl«» Qulomtf 0 SMlcii»«t« U 
ptdwrsoi^a. lotiay. ^ t 
Eom, 3*J0 (1927). ClunieiiS. aeisot^ iiBTing Waftvm jriiliov l3lS.iit 
of tosiato. Fl^mt Phya^logy^ X6M9* 
EovAly ^.6.], l«oeg«t£iig» leid Foi()«r8, B.E. (l9iS)* Qeaatto nodtl 
pfetyeloio^o stadias of a a c ^ i m a pimmlag of 
iaf^otioB %7pm is »t«B mat . ||B|saiaS»lafiZ# 918-87. 
«Rttdolpb» I . gftd M./U (1964). Som* iAv«atsigfttioa« on iimtaliia of 
ba« leaiTM j^faetad t^ g.Ml.iagiroffi l U m m 
Smkb sa i s U m m o M t p p 21* io7«xg. 
Sakdl, R. «id 7oMif«tat K. (1964). E^atioo batiiato pl^aioXogieitL faotora 
ndatad to pbaao^s gad vafiatsl r««lat«no« of potato pX«)t to 
Xata-bXi^t.I. H A i obaayvation. Phytonathol. J^tpm, J^t 
Softboriici, &.J. «ad Ibrajrtbt F.B. (1960). XtthlMtloxi of m»t davadopamt 
on dataobad ihaat Xaiva* bsr mataboXit**, mtimataboilitat i»d 
anajfiaa poisana. paa^. Bt^tany, Jgt 
Saniboriki» O.J. and Shav, M. (X9S6). Tba phjid^yXogf of boat paraiita 
r^ationt.XX. lha offaet af PnaAnt* t r l t i a t Sxikat 
and Hmhi an tka raipiratlon of tha f l ra t Xaaf of raaistaat asd 
auaoiptibLa ipaolaa of vhaat. Cmad. ^ e0X»X9« 
i * 
BmweL$ B.D, (I9S6). Pt>l;irs>li«naldxid««* ssmvble adld exidts* in ttmato 
plmt iiif«ot«d ^Am fbftff^^ 3M* 
3ohi|>p«r» St» m^ Mlrad:t«» 0«J. <19694i)« 111* IditoiliiBisti^ of ttgrch 
md iiiMunaifitiaii iii \mm l«av«t t t met imfmiXm t l t t s . 
ma lHifo«iiiit {If69b), ?{»> »««&itaiiR of «terf3ii 
tfi of ghan^ltta mAsiueiM ^ t h 
stosfiBU* 
ShqpoT^o'ir* M, {1981) • of tomtto i^lsfit* offtst ta logr jndovs 
(Abftr.) Elliot,ft^iftinr* m 
SiisTpt Bff«ot» of on 
ittfuettoi of % gaflffiMii j M i t o l i * 
4g|t S98.94. 
Sharreaift* E.O. H&o ntittrt of fWilst^oe of atee to ^A<a»»orit 
M« flftd M.o1<i|.o« M, of kosrl pftxnaltt 
f^iitslffl&s Vli^ Iho «ffsfte% of 0tm ms% on ilt* n i tmpa iia4 
U, md HiiiiMa«» (1968)« phjrtlologr of iiostn^«r8fl&t« 
waattont.^. A pr«il.i84a«i3r onwiliiatlmi of tho Iw-iaL of ftm 
mdofioaomti lii4dl»«09tle In xustod «EUt talldoiMd eoroiil 
m^ tiiktlr nMJlitjr to mmm^^^f mppli»d 
radlotetlvo iadbloteetio CmsxhA. g* JbiI«» J^I 
$}»iia«f ttS. (19S3S). F«otor« Hffectiiif ir«il«Mltty ia onroia met f»«ctloa» I, 
7«xi«1sdlit3r ewttd hy ghirfam^tholaafy. e7-79. 
Slmkltt (X9M), Fnotor* Tttxi«MIitir la inaat roaotlon* 
H . t«rl,Mli1qr to Utfi t . Jfi^aJfi jtefatoHMSEZt X» 
Sllir«fKiKi» ir.B« (1967) • of 2SiSSSal» qrijK^ia vnr. t x i t l d 
doiached l««fe« of iihoat m lalXimiQed 19gr imtrimtt md 
««tiA)Q3.io «atafcmiit8 (Abftr.), PhTtooathfalofy. ^t SUSe. 
SilT«ftttn» ^.B. (19CK))« tho deviftopawit of rant oa ilio«t legvos 
tir*«t«d mm Msd sufir iiila>bols. PhYtop«tfaolagy. 
U4.19« 
Sirohlt (196S). Stttdioa in growth god i»via.qpawat of «yo{> |>ltotf in 
rAation to th«lr fiMtio «>ii*tltati««. Growth mi dovilopavit 
of pLmtB^ Proo. of Mndja«r hold at tho DipitrtMnt of Ebttfijt 
Pim4ft^0»liroriii7» Chmdlftxhy DooMbor 19e5« 
Slrohl, a, 8. «iidH«Bii«r» K.C. (I982K lablUtlaii md pbotoptsiodlMu 
SL. a m t o . , M* 
Slrohi, G.S., Poklolyiil, f.G. mi ¥a«ik, K.O, (1971). Eff«0t of « k»to. 
•e&ds nl3et»7« <m thu ta:>«a*»alB«tioii of ^utfffdo aoid. A<ie«pt«<t 
putilloaMoi} in Raat. Mol. 
aix-oMt <3.S« D.S. Cl i^) . Effect of pk)top«flod tfid 
gLbbtn^ie on ipro^ and yimlA of cotton. Iiidtaai H,. 
r ^ f f l ^M Ml ea-Tf, 
iacdlf and Sbellf O.t. (1040). CSoloifinotilo «[«tfac»dt of 
D, Io8ti;'«ml Ck»* Iso., 81S (lllrd 
Sol«» If.]?* CltSSt)* St^d^og of naAtiont^p %«tiit«n imtlBtmm to 
^ ^ BSjSBSUaJiiat (E^^S.) Iictir. tfid iaet«piiolois^«d. m^ viatotaiotl 
in liiia««i ttgitiiMg»i«iiiiK Theids mtadttod 
H. (19S2). Kotos on (wgtr dotonaiiifttlon. Sa l* Sffl lo 
Sriv»at«Tiit (I960). Stu^ei ^ Ibo offect of pboto^exiod «Bd aioorUe 
itold tranog^iiKso toUiiity in i^hftat. fkm^n iatadttod 
StakaiPy B.e. «td J.O, {19S7). frlttoiple® of Pl«at 
nonifldFi'oat Co., Kovforlt. 
•StetaiHf B.0. led Hart, 8. (19S0). flm astuxre of m^&Btmm of otroili 
to Ji;^ .Saaac* Mssts,* SaB* *thwi> j^ * siss-^* 
H.B* (1919). Effoet of o»rt(di!i ooolo^oiiL 
f«etox>B on tht noxipbologjr of iim uro^ioi^oro* of fttcdLnla 
Stiplos^ K.C. md M.^ l* (1964). in pxotoins imd 
m*fm9 in lotvos «ft«r infootlon tli» 
ftttt ftinp«. ^ 780-64. 
Stft-wflly, indB«iifloa» E.iil. (1967). H.«otatoi5l«>Totio mw^ntivtm* ^t 
fHiilvtint «ad •usecptlitt l^ fe l iny nrmtyt— non-inocul«ti^ 
ind ioooia«t«d vith msMsM W l m i ^ - mMB, 
ntrohA^ O.A. end Sh«x|i, E.t . (19es). Pzotoina of Oiost a«ioalftt«d ulth 
inf«e«Lon tjfpo of JlsU&SilJ* 4I&*14. 
Smln, T. tfidHilliit .^B* (19S9). t^o pHumolie conatltuwito of ptffluo 
deaiii«tl«m.I. Tho i^gatitaldvo Mtalyfia of phonolie osnttltuMHtt. 
i , |bod A iflcl. , 
Sydov, I.V., Burttfit {19®8). Mstirihitiott of (x»nt«lning ttaiibolitoa 
m vliftt lotirot infoetod i tw tui t . 
169-70. 
faiiiile*» m& (iseo). OH iweihtalMi of stureb «eei»alftti9a 
in tlMa«« tarroiiiiiliiig in tit xlwi pl«atB aai« to 
Btutk of eaiMiflteim j8SaaSs«Ba.ii. on MUHtiet of 
B»ai93.8t« mi ittVtrtiM io tiwtt«» ittnwMKllag 
Meaalb^L. imm* Mi' IS* ^ ^ ^ 
Toni^At K* (3.9S8}* Fl^jfsioUgf biodifsdvti^ of disoftto roilvtine* 
of iaa. ^ ^ yjjrftQoathol.. 
Tr«ilo»nt, ma H.M, (J980). SiiieiptlWlity of to 
nlifiow ttft Inatttneod lor 'Jbycyr Jg i^-
•tisottffy, (Bde). Roflherdwo hJotolo iJlovoo mv 1% fmSl^w 
M»iSSs» |» m ^ t u , (Quotod iyHgrt, H. i m ) . 
V«rlBtiott eontaat of pmSxk*st» 
plmt photopoilodiMi. jQSlSl |i|» 
TurHtf F.L.M* (XtNS0). Siptvifjbjtlo doviilopnent of ai^r rnut jiolaB^aogf 
i M No. 8. M l i * i* 
Taridi md LflttOlii^ iasi, ilBWJ)* FiwMofeiom of aeriA layoiSliw 
tylsLiBBjBiZSlSBS on flio: 
loatts in Hotiio «fiiltttro. ^IsS* MieraMol,. J i 
a.M. <W6S), Ghflogoo in tho aotlidty of «ti«pi«8 of 
|)iLgatt daxl&ir idxufi intm<Mo»* M* SMi^ hSi* 
<Al5itsr. in rnxm, Alwtr. 
VaUlogv, 3, (1986). ObMrv«tioc« Xe psntstisadbt dla mftt do aliBanos 
lino* mtovwldf «i 43. i»«tit»to 11 to f»^tmim <lt l l a indol . 
£iz* imOl» iea** Cl^ * Breoa. iil>«t« 
ironlcfttoimiuritty i . <19?0). Hbotopoviodio sluaios on UmthtmldiA Imils of 
dlOMM Tof&iittfieo of Imm of ibeat CPnotABlat gomnditu 
Hob mt DOOT«>* 
Vmg, D. (19e0). A otttdir of tho (li#tfi1»tioii of ^^ C «9»|)0ttad» in 
fttn mat infoct«d vbotit iej*vea. jSanaa. 658-42, 
V«ctg» D* (1961) • tho noturo of otc^ fdH ^ooaaitlQtion «t tlMi mat IfifooUon 
•ito in lotivti of Pinto h»m plwatt. .pteftd, Bst., J^i 1596*1604. 
H,M, (19C(L). tBM bnmto md ihmiv mot Itoigao (E.jjjMEIs)* 
lal** 1|» ( ^ t « d Igr ShKrwtSX^ f 19S8). 
H.}f. (1902). tht ndation 1»oi«t«) lioft mA ptrMito i s t m o f 
«d ttolr ruot. J l f tSSii (Irikw). iBH* Jkl** 1|» 
xti 
Wasntr, B*M« md Spudbys, (1988). Eff«et df photop«riod on laosscpiiis 
ooajwtltloB of Gltm® m^ Fonelxut. Phygi^logln Plittt.. a t 
913U48, ^ 
9.J.» 0. BttSimmk, M.I, {1967). Sh»yislc diiiig«« 
ft«aoQl«tc4 uith IstSaettd laatuiral snmltttaea of ftuMtpotato 
to flabiiata. ftartoiyaitolofar. J J j 4S1-24. 
«iii1aiifyt M. md J.M. (19«2). pbytlology of 
iso«t^»rtiit® 3P«El<itioiif. S I , A (lytopbotoattcic stady of 1ih« 
&f uad M xuit 4af«et»l leaws. 
irmi«»«* U, ixmU of ^umm ppuvtU 
m mssit&i ^Mmmsm mtdt^i, 
I I , to eolaiaL^ p i l o t s - Cwaad. 
46(4) ft 4SS-40, ^ ^ 
•l^ode, AtF. (last), tlje ©f ehlois^W o^lMilag 
M i r * M S s t i a i . ZzsMlffili. 74S-S4. 
f . s . (19SS). Pjpoduetion of jruet iopl ea iftbloo Ijioa^y. 
• f the pfeytlology of dli«iis«d pliut mffoeted lAtfe 
( t e i S a ^ M S y t o ) 8S «ff««ft«d cmdltloios of ii»t»Tlag. 
Jftjilalisl iMs ZtiSte isEsSsx. 
-mii 
liyfipm, % end Ci^dwiilf (liBB), Stoantfl pi!a«traiS©» of iJbtet 
f««4Ll»g« aad l«af tost. Sff#ot of l ight eaid curboa 
Kiki, iul» amdMiftw^, (1964). E«ipir«tloii» phytoigmthaala md 
dstit a*«1io» of ^^ff l Istiitby iad Twated Iwi® (Abatr.). 
SI?. 
* Orii^id not t t in. 
mmii^ I 




20,1 t . 4 
Jumitfi' 1S.1 - l . f e.7 
Feljniifar 7.8 
-0.0 12.1 «0»1 
i r .o 
Jiiat«ry - l .S 2.1 
ftlsmiii^ 
• l . f i i . e -1.4 
HovmiMr +1.15 
UvtetBbBr ' a . 6 o»o -1.7 





i S M K I l 
T«ta« !• (c») «• iaHumeiNS tjy nt«t laooaiitioa 
u&d«T tixxm |)hot9pttxiods. 
Vi»l«ty 
'••f f -







Otintwl 48.80 89.S4 42.17 
82.00 %8.86 80.89 
CcMBtxca 4S.84 48.98 
29.76 98.78 »«.80 
(r) 
Cbntjwi S0.84 S8.06 6S.74 
»P(HR)9 S7.M 48,60 88.07 
M.7S 48.87 









Ijy Inoeaitiion x Vmei*^ 
For % laofiiilatikpii is 





SottTOd df df M.S. a. 
4 4 $.880 
Pho. e 608.485** e 
Xnoflu. 1 7n.080«* 1 1®8.S44»» 
% Znodu. s m,m 8 ^.680 
Is-r.l. so 20.988 m 18.480 
8 2482.880** 1 0.862 
Pi». * 8 77.8S5»« £ S.871 
Inoeu. x 8 1 8.178 
PIko.x l a a m . x f«r. 8 8S,080» a 16.®88 
'Err, 2 7S 14.184* u 10.110 
tOirA -
»» SlffiiacMftt at IK} « Slfcdflo«t ttt H* 
mmmt ii 
t . iMdi^t (imiii) •» liifl.««fte«3 ^  »iat 
?a*i«t3r 1 "i^tatasintl Slsort J Sortt^ i . any 1 dev ! 1 !»<»« J .. a«ir .. 
f " — 
{ mm 
%f n 
3.624 S^SOD S.9SS 
Indcuiltttd 0«06S O . m 0.SS8 0.816 
CScintrol 2.076 2.770 
MoliiiW I^eil(t) 0.TOO 0.6 S4 0.1189 
Ocmtwl 5.00® 4.074 ».7g4 4.S68 
(r) S.2S8 4.10f 4.542 
Ckmtml 4.000 4.18S 4.256 4.369 
»f<EE)45 (r) Inoealittftd 21.694 
Mtan s.«ag 
2.160 
C.O. i>i»r im^tiUm isvins t 0.280 
For XnocMliitS n^ x ?««l«ty s 0.848 
fi»r Ptjotc^wdoa X * Variety J 0.606 
Fbr Al fbtir 
{MOIT 
Sfliffm df 
4 4 o . m 
Pho, 2 
Xaom. I 4S.69fi«« 1 
?ho. X Iaoc». t 0.400 2 1,7a** 
Hfrnl m 0,885 a j 0.206 
1 
Pbo. X Vat, « S l.SSO** 
Xnoeu. X s 14.654** 1 0.6»««* 
tor, , « 0.869•• 0.640** 
Err.f: Tfi o.sao 24 0.146 
laJr^tl llff m 
aigalflomt at 111 * Slgnilleint «t 6lC* 
mmmx ii 
S« Xi)lU«tiQ» of flowtrlng a* iiiflw«c«<l Ifegr tust 
inocMlfttloB tliviie 
I ^ 5 So*»ai I Long 



































Control 07.75 fd.4§ 74,60 88.80 
XflO<»iaitt«<3» 98.15 78.85 74.88 
C.D. f t 856 P. War laocoliitloB * ^ r t e t y 1 1.10 
fbr * Inoesastioa * lajAcity t 1.90 
Ibr «I1 fbur 
Sotty«t a r K.s .a. df H.S.a. 
Eisp. 4 0.448 4 U467 
fho. 2 
1 4.4L0 1 5.400 
Pho. X ZROOB. 2 l l . f iO E 20.180 • 
Err.l 20 8.8 a 20 4 , ^ 6 
8 1«7.4»7*« 1 1.670 
Fho. X 8 42.188** e 0.S15 
lmm» m far . 8 8.4ao« 1 15.060* 
Pho. X lmeA,x 
Viir. 8 1».288»* a 88.785** 
72 «.17g £4 «.«17 
TotA 119 89 
mwmt I I 
T«iae 4, ^twrttlon of flovming (<S«yi) iif i&flQcietia hf 
xuit laooulfttloii vadmf 
?«ipl»ty 1 Trvfttaent T 
1 
I Hanaid. I 





m n <«) Control m,QO «4.80 
24.47 
InoixilgUi S.60 ii,m 18.10 9.eo 
Kohttba 
(ksmtteik S8.60 24.00 88.6? 





10.OO 21,00 es.eo 
£4.67 
B?(iffi)4S 
Gotoitrol. 2®, «4.4T 
1^.00 gS,40 £8.80 
mm 
Contit^ 25.86 zn^m a s 
IBM 20.40 3L«»82 
C.0. mt SH lu&osXfttioti mftii&tt % 
fbr i1>i«»t«5>«»iodi X Ift9«a.iitioii latepaetlois s 1»8T 
I»oe»l«ti(»i X Variety » 
l^r Hiotqpxifiotl X XttQaHtttiQn » Variety i SO 
toiilyittt, df %fliaii«e 
ft>p iiLX th« fSisw 
.iffldftiff, Mf 
Soure* df IS.S.S. 
Ksp. 4 S.095 4 9.4Le 
Pho. B 800.0 e X09.9SO** 
I noon. 1 X 
Fho. X Xiiaea. 2 g 806.817 «• 
B m l . m e.oii 80 10.777 
E 554.075** X IIS.066** 
Pho. at « I0.100«« 2 40.«i7 
Ittooa. X 7«r* 555.S08** 1 24.067 
Pho.x In9C»*x 
Vat. e 6e.e6f«» e 8.7X6 
I r r . g 72 S4 X2.658 
TotA l i e se 
• • s i j p i n c « t Mt 101 « ^93lfto«at At 
IPPS8DIX n 
tkUL* 15. Iftt3i1»tr Df flowum (p«r plant) Inauwota 
hf vtttt inoeulQtlfm under ths^t* pholopciiods* 
Vaelftty 1 fr««tai9at j Short I HownO. 1 aia^ 
! ioot { 
1 day I M«ga 
HP 81 {•) 
Ooatml 80.78 a . i B 
I]10<!ttl«t«d X.84 e .i6 10.86 
Mobalw toeid <9) 
Cemtrol, 
InoevlLttM 






SB.6S tg.28 18.68 28. « 
IIP<RR)4S (r) 
CoatroX ss.ao U.U lO.Sl 
Xiaocul«t«d SS.88 I0.7« 29.08 
mm 
Contsol n.m n*m e4.54 
XnociuilKtttdi 13*98 16.11 14.«7 18.89 
C.D. «t S% P. War Xaof»a«tioxi bmrs t 
InocKOlttioa x fvrielgr t 
Ibr Phot^iflod X Inooastloii x f«xie%> i 6*09 
..MtlTil* ttt M.'mfit 
Ibr idl tk* fiimr 
YMlif,1A»f 
Ibr 
Tiylf^s t g a y 
^.S.S. 
4 48.197 4 14.202 
Pho. t 408.18e«* 2 82,485 
tmm* 1 1898.074«» 1 8887.490** 
l>h«». X Xnooa. Z 48.180 2 160.984»* 
Eifr.l 20 S8.999 20 20.861 
8 1 208.880«« 
f t o . * 7»r. 8 «27.978»« 2 27.788 
Xaom. X V«r. 8 590.488** 1 100.888«» 
Fbo.x Xnooa.x Vir.8 61.889* 2 88.882* 
I r r . « 7« 24 10.842 
TotA 119 89 
* Sigaitlfsmt «t 
mmmn 
f 6, Hufflbir of c«|Miul«s plaat) inflnmtmA hf 
ru«t iaoenlfttLon iijad«r thxwt phot^nviods. 
1 fmmiamt 1 mxivt 1 I ,. ? _ 
i 1^8 1 n%m 
ContrcS. 3I.44 28.81 
00^00 3.60 l o a e 
ContXDl iKm 10.84 IBM 
00.16 4.44 fM 4.09 
(Swtttsol tS&M n,m 
Kl»(mi)9 Cr) is.ias mm 
Qontni^ m,n 
HF(RR)48 (») Inoaiaattd g0.64 
mm 
24.1® 
m.m iS.M 14.lt 
«t SfL f . »^ 
$ S.1S 
Iter ^hotop«rioa st « s s.4e 
A 




Pho. Jt nt.sss** S fiS.SSl 
Zooctt. 1 I ssos.oe?** 
pho* X Itu»eu« E f 
Err. l 80 ss.sos SO l«,fi07 
5 I 
i»ho, * « m .780 2 17.688 
Xn<»ott. X Vgjr. $ i 
Fho.x I]3oe»«x Vtiv, • 2 60.114#« 
Brr.t T« e4 ».067 
Tottt U9 S9 
«« SlfulfiOMit mtl% f • ^gpiaofft i ct 
jigFBKIg^  XI 
7am« 7. SliHa of (gem/ptmt) t0 ixiati«notd 




TwatBwsit { "T 1 
I^ OXMfil •1" 
I 
StoH 1 
m a {») 
Oewtveil 2.160 1.660 1.460 1.76i 
O.QOO Q.1S0 0.067 
CkmtxoX 1.116 1.240 1.807 
Mobftl^ ft Z.ooiil («) 0.1fi« 0.45S o.ms 
£.804 X.664 1.4® 4 1.967 
hpCbr)9 ir) X»oai|at«a 1.604 um 1.962 
Ga»ti«i3L 2.004 1.6B6 ^.064 
HP(SE)46 (r) lmci£l.«t«ii 2.0S8 1.470 
Mean 
1.608 1 . ^ 0 1.748 
1.06& 
C.D. t i m P. f o r X&oauIatio& swsift 
l^r tma&BlsUm x WziHy 




4 4 B«{». O.OS0 
Pho. S 2 0.07£ 
Xnoeu* 1 14.269*«f 1 87.691*» 
Pho. X Xooot. g 0.181 0.666«* 
E m l 20 0.140 20 0.091^  
S 14,40a»* 1 0.641 •• 
Pho. * 6 1.486»» e 0.SS4*« 
Xnoeu. X Vair. 6 1 1.0fiB«» 
Fho. X Imax. x 'Vgt, 6 0.199 « 0.047 
Brr.S 72 0.098 t4 0.047 
7otdL 119 69 
•• SiSRlftetfit «t f • Slinifle«at at 
f«ta« S« 3i«l.d of «ttda (grin/pkl^t) a* |jil!l%iffie«a %cf 
anict iaocxaatic^ md«» photopaflod*. 
Variety 1 Twalaeiit | JSawrt 1 dmir I 
fiofmeil 1 XiQIig - I" 1 mm 
MP a ^a) 
QontmlL 1.04B 0.978 UUi 















o . m l.£49 
HPCaa)4S ir) 
1.18B ia97 
i.m x.m 1,028 1.166 
mm 
Coaii^ i^wi 1.04& 0.905 1.079 
IttooadLated 3.7S2 0.56S o.i»s 
e.fi. p. for Xnoculatiott 








Hip. 4 0.10S 0.016 
2 £ QM 
Xnoeut* 1 1 lo.aso** 
X Isocsi. S 0.004 « 0.075 
Brr.l SO 0.0S4 SO 0.om 
s o.«is»» 
Pho. * V«3r, e 2 0.115** 
Z&aeu. s 8 I 0.964** 
Pho. X Inoctt.x Vir, « o . o e r t o . o a s 
I r r , 2 72 o . o s s £4 0.016 
Totd. 119 59 
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I ^ I i I 7att1. ! Sttrds 
I I I tuiiiv* 1 iufise I I I } HaS»S« M.S.S^ 
1 100.879 8.04S n,m 
Pho, 2 
Vnr, S gB.egr 
tmm. t 
ir«r. * liid. 80.709 U70. m 
Xno(!U* X Vhtim 4 m.i«4 ITSe.SOO* 
Xttoctt* X 6 S.TIO m,m m,m 
Pho*x fur* x Isaaa^XS s.iee* 
197.580 
Totrt. 71 
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